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1%t International Meeting of the Young Transportations Geotechnics Engineers of the ISSMGE

PREFACE

The 1%t International Meeting of the Young Transportations Geotechnics Engineers (1%t YTGE meeting),
associated with the 3™ International Conference on Transportation Geotechnics 2016 (3™ ICTG 2016), aimed
to provide an international forum for doctoral and post-doctoral students as well as research engineers and
engineers involved in innovation in transportation geotechnics, to present and discuss their main research
results and to identify future research and engineering practice needs.

The 1%t YTGE meeting, held in Guimardes, Portugal, on September 4t 2016, intended to create a knowledge
exchange network and compile what the best and most advanced practices worldwide in the transportation
geotechnics field are, either in academic or in industrial domains. It were covered all the disciplines in
transportation geotechnics (roads, highways, bridges, airports, railways, waterways, canals and terminals-
harbors) under the umbrella of ISSMGE - TC 202.

It is hoped that the 1st YTGE meeting will be a solid ‘foundation’ for subsequent international events through
the YTGE network.

Joaquim Tinoco | André Paixao | Cristina Alves Ribeiro
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The future of geotechnical engineering
(only some aspects or ideas for thought'...)

‘
'. “ Roger Frank

—
h—"-] Ecole des Ponts ParisTech, Navier-CERMES

R Frank The future of geotech engng, Inaugural Lecture, 1st YGTE meeting, Guimaraes, 4-7/9/2016




Outline
e The specificities of GE

e The general challenges of GE In
this early 21st century

e ‘Methodological’ issues

e ‘Ethical’ iIssues. Conclusions
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e Nice profession !
e Each geot/CE work Is a prototype

e Mixture of rational mechanies (and
other sciences) with the art-of-the-
engineer

e There I1s no ‘truth’
e |t IS a science of observation
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General (‘Social’) challenges

e Geohazards

e Environmental geotechnics

e Transportation geotechnics

e Production of renewable energies

e EXxisting structures. Cultural heritage...
e Safety, Health, Sustainability

R Frank The future of geotech engng, Inaugural Lecture, 1st YGTE meeting, Guimaraes, 4-7/9/2016



Geohazards

e Typhoons, tsunamis, storms

e Floods, mud flows, soil and rock slides,
avalanches

e VVolcanos (ashes and ... clouds), earthquakes
(liguefaction and other damages...)

e « karsts », sinkholes, collapsible-swelling
solls, subsidence (natural or anthropic)

R Frank The future of geotech engng, Inaugural Lecture, 1st YGTE meeting, Guimaraes, 4-7/9/2016



GEOHAZARDS, WHAT ARE THEY?

“Events caused by geological conditions or processes, which
represent serious threats for human lives, property or the
natural environment”

Onshore Offshore

Volcanism Slope instabllity
Earthquakes Tsunamis
Slides/debris flows Shallow gas/hydrates
Floods Diapirism

Natural disasters are one of the main threats to improve-
ment of the standard of living in many developing
countries.

S. Lacasse, NGI, 2005 J
Internationa
R Frank The future of geotech engng, Inaugural Lecture, 1st YGTE meeting, Guimaraes, 4-7/9/2016 Centre for




Geohazards

e Unprecedented scales

e With... denser cities !

e Risks and reliability analyses

e No financial constraints on geot engnrs?

e Influence of climate change (melting of
permafrost, zero level cities)

e Emotion Is important

R Frank The future of geotech engng, Inaugural Lecture, 1st YGTE meeting, Guimaraes, 4-7/9/2016



NatCatSERVICE

Natural loss events worldwide 2015
Geographical overview
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Influence of climate change
zero level cities
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Sea level rising more rapidly See also

News item | 11-05-2016 | 08:34
— Delta Programr

The media are focusing a great deal of attention on the publication by Nature
magazine, in which scientists describe how the Antarctic ice sheet is melting
faster than current data shows. According to the scientists, this is due to several
processes that have previously not been recognised. The result may be thatin
the centuries ahead, the sea level will rise by more than is currently expected.
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Origin: Goverment of the Netherlands, Delta Programme Commissionner
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In the Delta Programme, we are working with the latest insights that have been properly investigated.
The new scientific insights regarding the melting Antarctic ice caps must be taken seriously. For that
reason, it is important for the IPCC, the UN climate panel, to translate these new insights into a future sea
level forecast. This is expected to be accomplished in 2018. The Royal Netherlands Meteorological
Institute KNMI is currently examining the probability of such a scenario developing. For the time being,
sand replenishments along the coast will enable the Netherlands to cope with the predicted +1 meter
scenarios until 2100. The new IPCC analyses may be reason for the Netherlands to take even farther-

reaching steps.

The essence of the Dutch approach is that we factor in multiple scenarios for 2100 and beyond, adapting
them where appropriate. We adjust our course if need be, keeping level-headed and alert. The issue is
urgent, yet not acute. We must continue to expend our best efforts on reducing the temperature rise by
quickly making our country sustainable. However, the report on the Antarctic ice caps once more
indicates that climate adaptation is an issue requiring continued and urgent effort, in the Netherlands as

well as across the globe.

The Dutch approach sets an example for the world. We are collaborating with many nations, for example
in the Delta Coalition initiated by Minister Schultz van Haegen. The Netherlands is well prepared. The law
stipulates that water policy must be focused on disaster prevention. We have been working on that since
2010 in the Delta Programme, the Delta Plan for the 21st century - with a Delta Fund of an annual 1
billion euros and a dedicated government commissioner, the Delta Programme Commissioner, who
draws up the plans together with all the parties involved. This is unigue in the world. The Cabinet
recognises the importance of this quite clearly and continues to allocate resources. We must not shirk our
obligations. Upon a positive evaluation of the Delta Act — which is now being conducted, after 5 years -

we must keep up the pace in our work on the delta.

Origin: Goverment of the Netherlands, Delta Programme Commissionner
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Environmental geotechnics

e Cleaning of polluted soils
e Constructing on brownfields

e \WWaste disposal (including
nuclear waste..)

R Frank The future of geotech engng, Inaugural Lecture, 1st YGTE meeting, Guimaraes, 4-7/9/2016



Main problems
In
Environmental Geotechnics
(from I. Vanicek, GeoMos 2010)

Waste deposition on surface
Landfills
Tailing dams
Spoll heaps
Impact on environment

Utilization of surface for new construction
Remediation of contaminated ground
Construction on brownfields
Utilization of different waste in CE
Ash
Material of spoil heaps => e.g. in Earth structures
Slag33

R Frank The future of geotech engng, Inaugural Lecture, 1st YGTE meeting, Guimaraes, 4-7/9/2016



Production of renewable energy

e OIl production
e Geothermy, energy piles
e Hydroelectric dams

e Foundations of electric pylons, wind
generators

e elcC.

R Frank The future of geotech engng, Inaugural Lecture, 1st YGTE meeting, Guimaraes, 4-7/9/2016



EXisting structures.
Cultural heritage...

e Ageing of geotechnical structures:
foundations, earth structures (dams,
etc.)

e Assesssment of existing structures
e Maintenance, Repair

R Frank The future of geotech engng, Inaugural Lecture, 1st YGTE meeting, Guimaraes, 4-7/9/2016



Challenges at the level of geot engng

e serviceability of structures (predicting movements of
foundations — eg see EC7)

e prediction of long duration movements
e soll movements; upper values of soil parameters

e observational method; compensation grouting, etc.
e disturbance when retrofitting

R Frank The future of geotech engng, Inaugural Lecture, 1st YGTE meeting, Guimaraes, 4-7/9/2016



Challenges at the level of geot engng
(cntd)

e validity of continuum mechanics
(development of micromechanics...)

e use of physical models (centrifuge, ete.)
e tunelling in soft ground , urban projects

R Frank The future of geotech engng, Inaugural Lecture, 1st YGTE meeting, Guimaraes, 4-7/9/2016



Observational method or Interactive desigh — See EC 7

2.7 Observational method

(1) When prediction of geotechnical behaviour is difficult, it can be appropriate to apply the
approach known as "the observational method", in which the design is reviewed during
construction.

(2)P The following requirements shall be met before construction is started:
— acceptable limits of behaviour shall be established;

— the range of possible behaviour shall be assessed and it shall be shown that there is an
acceptable probability that the actual behaviour will be within the acceptable limits;

— a plan of monitoring shall be devised, which will reveal whether the actual behaviour lies
within the acceptable limits. The monitoring shall make this clear at a sufficiently early
stage, and with sufficiently short intervals to allow contingency actions to be undertaken
successfully;

— the response time of the instruments and the procedures for analysing the results shall be
sufficiently rapid in relation to the possible evolution of the system;

— a plan of contingency actions shall be devised, which may be adopted if the monitoring
reveals behaviour outside acceptable limits.

R Frank The future of geotech engng, Inaugural Lecture, 1st YGTE meeting, Guimaraes, 4-7/9/2016



Disturbance when retrofitting...

Pont de Pierre, Bordeaux

Origin: FOREVER, National Resarch Project on Micropiles, 2004
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STABILIZATION OF THE SETTLEMENTS AFTER

MICROPILES INSTALLATION

Works on piers 1 and 4
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Origin: FOREVER, National Resarch Project on Micropiles, 2004
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e Numerical results are not the reference

e The real ‘judge’ is the ‘real’ (full-scale)
behaviour

e Interdisciplinary approach to many
problems

e Understand what we do to/with the soil

e The investment into soll investigation
should be severely increased (from
~1% to ~3%?)

R Frank The future of geotech engng, Inaugural Lecture, 1st YGTE meeting, Guimaraes, 4-7/9/2016



to conclude on the challenges of geot
engng .

e Eurocode 7: “It should be considered that
knowledge of the ground conditions
depends on the extent and quality of the
geotechnical investigations. Such
knowledge and the control of
workmanship are usually more significant
to fulfilling the fundamental requirements
than is precision in the calculation models
and partial factors.”

(Fundamental requirements : safe,
economic, sustainable)

R Frank The future of geotech engng, Inaugural Lecture, 1st YGTE meeting, Guimaraes, 4-7/9/2016
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Civil Engineering
A People Serving Profession

Origin: http://slideplayer.com/slide/10654726/#.WCHrnRqgZewk.gmail published by Emerald Harper
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Civil Engineering
e In the beginning, Civil Engineering included
all engineers that did not practice military

engineering; said to have begun in 18th
century France

e First “Civil Engineer” was an Englishman,
John Smeaton in 1761

e Civil engineers have saved more lives than all
the doctors In history --- development of
clean water and sanitation systems

Origin: http://slideplayer.com/slide/10654726/#.WCHrnRqgZewk.gmail published by Emerald Harper
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3rd International Conference on 4-7 September 2016
Transportation Geotechnics R {;I.”.fﬂﬂrﬁﬂs. PORTUGAL

15t YTGE Meeting

Thank you for your attention!

. and enjoy the conference!
Enjoy your stay in Guimaraes !

R Frank The future of geotech engng, Inaugural Lecture, 1st YGTE meeting, Guimaraes, 4-7/9/2016
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‘Publish or Perish’ Drives Reliance on the Impact Factor

Factors contributing to journal reputation

“What is it about this journal that gives it a high reputation? Please select the 8 most significant factors
from the list below, in terms of how you judge the reputation of this journal ”

Factors that contribute most to the perception of a journal’s reputation are Impact
Factor and ‘seen as the place to publish the best research by my community’.
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Impact Metrics: What Do They Offer?

Impact metrics are used to measure research impact for
benchmarking and quality comparison purposes.

Metrics allow us to measure research impact at a variety of different
levels:

’ There is no single “best” indicator that
could accommodate all facets of the
new reality of journal metrics ’

Wolfgang Glanzel, of the Expertisecentrum O&0O Monitoring (Centre for R&D Monitoring, ECOOM)

Problems arise when metrics are used for assessment in ways they
weren’t intended for.
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The Tide Has Turned...
THE CHRONICLE OF HIGHER EDUCATION

RESEARCH oA
The Number That's Devouring Science

The impact factor, once a simple way to rank scientific journals, has become an
unyielding yardstick for hiring, tenure, and grants

By RICHARD MONASTERSKY | OCTOBER 14, 2005
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PROFESSIONAL JOBS  SUMMITS RANKINGS

Journal impact factors ‘no longer credible’

The measure of scholarly impact is now being manipulated so much that it has ceased to be
meaningful, editorial claims

November 5, 2015
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Impact Factor

To all items

(regardless of type)

‘Source’ items only

Cites to recent items
Calculation=

2012 =2801
Sum: 5364

5364

Number of recent items 1506

Cites in 2014 to items published in: 2013 =2563 Number of items published in: 2013 =803

= 3.562

\\{ What is counted as a \

2012 =703
Sum: 15086

‘Source’ item?

Original research articles
Review articles
Proceedings papers
Technical notes

(Any publication that can significantly

impact the world of research will be
k counted) /
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Skewed Distribution of Citations Across Articles

Why the impact factor of journals should not be used for evaluating
thebmj
research Seglen, P.O., BMJ (15 Feb 1997): Vol. 314, pp. 497
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100 -
80 - I
|
60 - |
- - I
40 - | |
| |
20 - | |
| |
0 I I 1 % Articles

0 20 40 60 80 100



ELSEVIER

Skewed Distribution of Citations Across Journals

THOMSON REUTERS™

Rank Full Journal Title Total Cites Journal Impact Factor
1 NEW ENGLAND JOURNAL OF MEDICINE 268,652 55.873
2 LANCET 185,361 45.217
3 JAMA-JOURNAL OF THE AMERICAN MEDICAL ASSOCIATION 126,479 35.289
4 ANNALS OF INTERNAL MEDICINE 48,356 17.81
5 BMJ-British Medical Journal 89,031 17.445
6 ARCHIVES OF INTERNAL MEDICINE 38,021 17.333
7 PLOS MEDICINE 18,649 14.429
8 JAMA Internal Medicine 2,934 13.116
9 BMC Medicine 5,708 7.356
10 Journal of Cachexia Sarcopenia and Muscle 713 7.315
11 MAYO CLINIC PROCEEDINGS 9,990 6.262
12 JOURNAL OF INTERNAL MEDICINE 8,802 6.063
13 Cochrane Database of Systematic Reviews 43,592 6.035
14 CANADIAN MEDICAL ASSOCIATION JOURNAL 12,121 5.959
5 MEDICINE 4,912 5.723
16 ANNALS OF FAMILY MEDICINE 3,556 5.434
17 Translational Research 2,112 5.03
18 AMERICAN JOURNAL OF MEDICINE 22,662 5.003
19 AMERICAN JOURNAL OF PREVENTIVE MEDICINE 15,857 4.527
20 MEDICAL JOURNAL OF AUSTRALIA 10,268 4.089

Source: Top 20 journals ranked by Impact Factor in the Medicine, General & Internal category
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Skewed Distribution of Citations Across Fields

Source: Elsevier analysis of Scopus data (20k journals with citation edges for layout and coloured by average citations per article)
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Overview of Selected Journal Citation Metrics

Impact Factor %WM

+ Easy calculation

+ Easy-to-handle value

— Short citation window (2 yrs)

— Field-dependent

+/— Self-citations included

— Available for 11k journals (paid)

— Numerator & denominator misaligned

eigenfFACTOR .

— Complex calculation

— Hard-to-handle value

+ Long citation window (5 yrs)

+ Measures journal prestige

+/— Self-citations excluded

— Available for 11k journals (paid)
— Journal size influences score

SNIP

— Complex calculation

+ Easy-to-handle value

+ Medium citation window (3 yrs)

+ Normalized to local citation environment
+/— Self-citations included

+ Available for 22k journals (free)

SJR

— Complex calculation

+ Easy-to-handle value

+ Medium citation window (3 yrs)
+ Measures journal prestige

+/— Self-citations limited

+ Available for 22k journals (free)
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The Basket of Metrics

N &2 _MM ’
Discover your journal's metrics

- Impact Speed . Reach
> Impact Factor ’ > Review Speed > Downloads
> 5 year Impact Factor ' > Online Article Publication Time > Authors
> Article Influence & Eigenfactor h o
o > SNIP/IPP

>SJR
> Acceptance Rate

I N - o

4 3 e | 2 N
A “basket of metrics”: flexible and sophisticated, breadth and depth
Portfolio Community =% Contributions Z!I Consumption = Esteem
Journals
Sections Editor Usage Scholarly Social Activity
Conferences Board Citations AACL'V“Y Media Activity
Book series Authors Audience eRe
opinion
. J

Elsevier Editors’ Conferences



Journal Metrics, Where to Find Them?

Journal Homepage

Soil Dynamics and Earthquake Engineering

me - nals »

Soﬂ Dynamlcs and Earthquake

Engineering

Editors-in-Chief: D. E. Beskos, A. Elgamal, M Erd.lk

View Editorial Board

Supports Open Access

View Articles

Journal Metrics

Guide for Authors Source Normalized Impact per Paper

(SNIP): 1.787 ©

Submit Your Paper SCImago Journal Rank (SJR): 1.516 @

Impact Factor: 1.481 ®

Track Your Paper

5-Year Impact Factor: 1.897 ®

Stay up—to—date

Register your interests and receive

email alerts tailared to vour needs

SO
Dunes

EARTHOUAKE
ENGINEERING

understanding of new technical concepts.
Fields Covered:

Seismo]ogy and geology relevant to earthquake engineering problems
ydeling and methodologies rather than case studies.

SN' P we scattering and dynamic crack propagation in

- elastic or inelastic material behavior.

Dynamic constitutive behavior of materials.

Dyt ion problems (soil-structure interaction,fluid-structure
inte J mis}

Seis

Rt [Mpact Factor

This journal supports the following content innovations

a AnndiaClidas
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Noticed
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[ Starting point for finding scholarly information ]

Inst. Info
Services
\iyo/ W w \/ U
GOO le .Mrect ISI WE'JD ﬂf ‘ = n
8 T[] ubMed OSClFmder b, B | M
YAHOO' Sl \y Acoder:n!? -GdE_I
oiNg Publfed Linked 1
\ Specific to scholarly research Y
H E
= ;'-.l, I oy Physical scientists typically start in Google

‘Trpﬁﬂﬁff%%bﬁﬂé‘%‘ﬁr Mchemisty  Health and Life scientists typically start in PubMed
‘SCl NCE@ Social scientists typically start in Google Scholar

Source: Survey of 4,668 published authors in December 2014
Research&

AcademicRelations
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Search Efficiency

average time of a search & discovery session

1 o4 seeking a known article
47" keeping up to date in the field or expanding

knowledge outside the field

y average time spent searching & reading articles per
6h59’ =
2h36’ searching

4h23’ reading

5 4 average number of articles downloaded per week
[ |
5 6 % of articles downloaded are regarded as useful

Source: Survey of 6,009 published authors in Q3 2013
Research&

AcademicRelations



ELSEVIER | 33

Be Clear!

« Use keywords in your title and abstract — people are
more likely to come to your work through these

* Think about the search terms you use in your research

 Research is becoming more interdisciplinary — you
know your core audience, but you may be able to reach
people outside of your field

 Be concise and engaging in your communication —
highlight the challenge you are addressing and specify
what your research adds to this area



More You Can Do to Get Your Paper Noticed
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Express Your Research More Fully

Nurture insights, give your readers more than clear text &
professional images

Interactive
plots

active plots for this article =i

Plat Data table

oo
] ] 7 a g

¥ axis |Electric field strength (k\icm) 2

Y axis ¥ @ Ozone concentration dry air
¥ @ Ozone concentration humidity 46%
|| @ Ozone concentration humidity 67%

Integrated digital content,
such as 3-d images




Express Your Research More Fully

et g/, 2010) The movie collection represents the status of our current understanding in & mayors, and it is
impartant to realise that the sub-cellular arganisation most likely varies between fungal species. However,
most af the hasic arganising principles and mechanisms are expected tohe conserved.

Microtubules

Embedded
video

P [ — 0000 0000 4 g

Help with MOV files

Movie 1. Microtubule organisstion in a hyphal cell. Microtubules form bundles that extend from the growing tio to the proxims!

septum, therely providing continuous tracks that connect both cell poles. Mote that individusl microtubules can be very shott

Abstract

Keywords Factars that influence the distribution of these malaria vectors are discussed. This study underlines th|

1. Introduction need of further investigations of biological, ecological, and behavioral traits ofthese species and forms |

2 Materials and methods hetter appreciate theirvectorial capacities. Acquisition of entomological field data appears essential {
21 Study areas better estimate the stratification of malaria risk and help improve malaria wector control interventions.

B Table 1

Supplementary Geospatial Data

2.2, Sample collections
2.3 Molecular analyses

e 3 Results
(e 3.1, Species distribution
B Tabls 2
= X 3.2, [dentification of the molecular
[r——
— Lot farms of 412 ganbize 5.5
[ T

[ [——

Interactive Map
Viewer

RElerences

A NEW open
access journal
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Express Your Research More Fully

Help readers to quickly see why the paper is of interest
5 ;
e

inhomogeneous
local magnetic field

SPIO containing capsule design . Gd-ligand containing capsule design

rontane __Highlights

s A conformational two-state mechanism for proton pumping complex | s proposed.

e The mechanizm relies an stabilization changes of anionic ubiguinone intermediates.
* Electron-transfer and protonation should be strictly contralled during turnaver.
s The mechanizm explains the full reversibility of complex |.
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Mendeley Stats
Views and Citations shown In real time

Get your Stats

Where are your readers coming from?
Citations @ h-index

Last manth, most views came from {3

1 8 03 1 7 1 Your biggest overall audience is from [EEIEERTE
]

Powered by Scopus Powerad by Soopus
1
Views & Citations How this publication is being shared
In Mendeley, this publication was added to 2 278 4
Jun'ls Jul'is Aug'15 Ssp 15 library

To date, this publscation has been added to

/\ e Lo (AR E HERR

My mentions in the media @

Mendeley readers by discipli O Hea.l'r.h).h looking prostate cells mask cancer-causing mutations  View adice 72
Biologicel Scences Mareis 2, 2013 | Cassees ivbmischs LIN (Linted Mingesm
: ofogical Scie
Top countries @ WMWWWJManmmWEnmhdmdmm Prafissar David Neal, study suthar 3t the
bridge, said: “The dis v of widespread ch. =
United States e i
e © - @ Tz
wm—
Fi
e Engineering O Prostate cancer sufferers may need healthy-looking cells treated too  View artice 74
PR :
g T AR — Aareh 1, 2014 | WEEH Camady (Canadal
b Historical view g mwmmmwm&.«wmwﬂ&mﬁmwwum'mmammmw
Physics o afidlesptad cheanges in th nal locking colls”
—
-
Mok O Article of the month: Targeting the androgen receplor  Viewsrtice 7
Rairch & 2008 | U1 {Uniwd KmgiSar

‘of the androgen veceptor (AR} in prastate cancer Alastair 0. Lamb, Charlie £, Massie and David £, Neal Cambridge University
Dap of Uralogy, brooke’s Hospital and Cancer Research UK

D Prostate cancer breakthrough British scientists discover WHY the disease spreads  View articde 7

April 23013 | UK Nugmria Orsime {Uinited Kingdar
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Thank you!

We hope that we have given you
the necessary information for
journal publishing and metrics.

Good luck with the publication of
your work!
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Large Strain and Nonlinearity in PVD-assisted Consolidation

* Rui Zhong

PhD, Research Associate
Centre for Geomechanics and Railway Engineering
University of Wollongong, Wollongong, Australia
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¥ 9 Additional Surcharge

Membrane Pumping Station

aining layer Air and Water Flow
Sealing Trench -
_—
1 Hobrizontal Diainage network

Cut offif required ——»!
(when soil permeable
layers are encountered) E H

Compressible Clay or il

_ Vertical Transmission
Pipes
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Surcharge Loading Vacuum Preloading with PVD
Anisotropic Load Isotropic Loading

Vertical Vertical

Stress o Stress

= / / _—
Failure Surface \/_ No Failure A

IRRRRRRRRE

Risk of shear failure is minimized by the use of Vacuum Preloading
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Small strain: Conventional solution: Small Strain &

) |. 1 linear permeability and compressibility
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Nonlinearities

Void ratio-dependent permeability and compressibility
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Tianjin Port  Yan and Chu (2008), Rujikiatkamjorn et al. (2008) i
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(1)The conventional small-strain solution
may over-predict the degree of
consolidation.

(2)Although in many cases the
conventional small-strain model is still
acceptable, in some cases of deep
estuarine clay deposits the large-strain
solution becomes significantly more
accurate.
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Dynamic Nonlinear Finite Element Simulation of Light Falling
Weight Deflectometer (LWD) Tests on Unsaturated Road
Foundation Layers

Zhen Zhang?, Liuxin Chen?

1. Central South University, Changsha, China
2. Central South University, Changsha, China
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« Modulus of Unsaturated Granular Materials
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Introduction

empirical inputs —>  CBR, Hveem R-value

light falling weight

pavement design procedures deflectometer (LWD)

/

\ mechanistic structural
) : —
analysis and design

resilient modulus (MR)
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Introduction

variations of in-situ

moisture levels
models

(backcalculating ——>  majordrawbacks ——>
geomaterial moduli )

light falling weight
deflectometer (LWD)

suction

The primary objective of this study was to address those drawbacks affecting moduli
backcalculation of foundation layers from LWD tests.
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Introduction

A two-dimensional (2D) ‘
axisymmetric finite element
(FE) modeling approach

University of Minho
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in-situ LWD measurements
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establish LWD deflection
targets for road foundation
layers at various moisture
levels.
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Modulus of Unsaturated Granular Materials

First introduced for use by Siekmeier et al. (2009)

e The origins of the MR constitutive equation can be found elsewhere (NCHRP 2004)

the plastic limit (PL) was used to estimate the volumetric moisture content at saturation

Both PL and field moisture content were used to estimate LWD

target : compacted fine-grained soils.
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Modulus of Unsaturated Granular Materials
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Finite Element Modeling of LWD Deflection Targets

e Abaqus®

The Dynatest LWD was modeled, as shown in Figure 1(a).

Soil, LWD loading plate , the 200-mm diameter LWD loading plate.

The example FE model results of vertical stress distribution and LWD deflection targets at varying moisture
levels are shown in Figure 2(b) and Figure 2(c).

LWD deflection targets.
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Finite Element Modeling of LWD Deflection Targets

* Figure 1: (a) Schematic views of LWD device

Dynatest LWD t
Weight Release

Guide Rod -

e Dynatest 3031 PDA
Display Umt

Buffer A {gray)
Burffer B {red )

Geophone Ba—Ck

seating lever
omrmunication

iy

D'rop Weight =

Rubber Buffers ——™
Load Cell

Cormmunication Port

Loading Flate —— Port
Geophane ——
(Sprnng Loaded)
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Finite Element Modeling of LWD Deflection Targets

* Figure 1:(b)example finite element model results of vertical stress distribution

S, S22
(Avg: 75%)
+1.222e+00
+9.403e-01
+6.58%e-01
+3.775e-01
+9.610e-02
-1.853e-01
-4.66/e-01
-7.481e-01 Max: +1.222e4+000
-1.030e+00
-1.311e+00
-1.592e+00
-1.874e+00
-2.155e+00

Max: +1.222e+00
Elem: SOIL-1.4068
Mode: 518

Back

ODB: left-PL15-1.0db Abaqus/Standard 6.14-100SunlJul 31 :08:22:38 GMT+08:00 2016
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Finite Element Modeling of LWD Deflection Targets

e Figure 1:(c) LWD deflection targets at varying moisture levels
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Evaluation of Granular Material Degradation in
Repeated Load Triaxial Test

Caroline Lima, Carlos Correla e Silva, and Laura Motta

Federal University of Rio de Janeiro, Brazil

Ceore T |
Geotecnia

CAPES COPPE-UFRI
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Objective

* This study aims to evaluate the resistance of two granular material’s mechanical degradation during testing in
Repeated Load Triaxial (RLT) using the idea of Indice de Degradacdao Proctor - IDP (Proctor Compaction
Degradation Index), in other words a RLTDI (Repeated Load Triaxial Degradation Index).




. SIMSG ] ISSMGE -

rd T - I @GEO-INSTITUTE Bl mamagny  RUTGERS
i I j& ﬁ oxee ﬁ oo
¥ , O L AT L

= &4 04-07 September 2016, Guimaraes, Portugal Universityof Mo

Methods and Materials

 Mechanical characterization test: Los Angeles (LA) abrasion, Treton and Slake Durability.

* Index degradation (IDP and RLTDI) to measure the degradation of granular materials during the Proctor
compaction test and Repeated Triaxial Loading tests (permanent deformation test and resilient modulus test).

e Two typical granite-gneiss granular materials from different Brazilian quarries.
e Three different granulometric distribution.
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Los Angeles Abrasion (LA)

DNER-ME 035/98 Standard test method
e Evaluate the toughness, abrasion resistance and hardness of this aggregate

Treton
DNER ME 399/99 Standard test method

e Evaluate the loss, due to shock, of the stone material in Treton device.

Slake Durability test
ASTM D4644-08 Standard Test Method

e Evaluate the breakage and rock alteration (durability) in contact with water.
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IDP — Indice de Degradac&o Proctor
DNER-ME 398/99

The objective of this analysis in this research is to see where there were major breaks: in the compaction or in
the repeat load triaxial test.

IDP conditions in this study:
* new size distribution standard to adjust the quantity of
available material,
* sample homogenization at optimum moisture content,
* modified Proctor energy,

e three samples molded in 10x20cm tripartite cylinder.

Reasons for changes:

To adjust the quantity of available material and for better comparison to RLTDI results.
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IDP — Indice de Degradac&o Proctor

Calculation: average of the percentage differences between the mean percentage and the gradation percentage
passing for each sieve.

% passing

Chosen standard

Size Distributions  Original standard : .
particle size for

Particle size after compaction Percentage

particle size ) Difference (D)
this study Sanmplel Sanple2 Sample3 Average
1"-250mm 100 100
38" -95mm 65 69
#4-48mm 50 53
#10- 20 mm 35 33
#40-0.40 mm 20 20
#200 - 0.075 mm 5 10
IDP = £2
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RLTDI — Repeated Load Triaxial Degradation Index

Two different size distribution were studied for two materials.
The RLT test:
* nine dynamic tests (permanent deformation before resilient modulus),
e at least 150,000 cycles for permanent deformation test,
* one stress stage for sample at permanent deformation test,

* frequency of 1 or 2 Hz.

The degradation index after the RLT test is calculated the same way as an IDP. In this case, each RLTDI had to be calculated
for nine samples.

All samples after the RLT tests were deranged and sieved as IDP procedure, and with these results it was possible to analyze
the final particle size distribution to compare degradation
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RLTDI — Repeated Load Triaxial Degradation Index

Sample Stress (kPa)
od o3
1 21
RESILIENT 2 PERMANENT
MODULUS 3 62 DEFORMATION
4 %
Sanple Stress (kPa) c & " Samye Stress (kPa)
od G3 6 103 od 03
e 2 i —— T
o o 8 103 51 2 100 %0
o 155 3 15
10 69 4 &
1 137 69 5 160 80
o 05 6 240
13 1w, ! 120
14 206 103 8 240 120
15 309 9 360
16 137
17 275 137
18 22
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Material

100 /
90
ya
: 80 -
Size Distributions % Passing S 70 ot /
Cl Cc2 P ——Standard and C2
1" -250mm 100.0 100 £ 60 //
38" -95mm 64.0 68.9 g_ 50 Pl
#4-48mm 47.0 52.9 *%‘ 40
#10-2.0mm 320 37.9 S 5 -
#40- 040 mm 150 205 o —
#200 - 0,075 mm 7.0 100 —
10 AT —
0
0.01 01 1 10 100

Grain size(mm)
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Material

. Material 1 Material 2
Description
Cl C2 Cl C2
OMC (%) 4.9 54 50 5.7
ydmax (g/cm?) 2.288 2111 2.223 2.03
ycoarse (g/cnr) 2.62 2.64

yfine (g/cm’) 2.7 2.6
Absorption (%) 0.8 05
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Results and Analysis

Size Distributions % Passing
Material 1 Material 2
Standard Cl C2 Standard Cl C2
IDP RLTDI  RLTDI IDP RLTDI RLTDI
1" —25.0 mm 100 100 100 100 100 100
3/8" —9.5mm 69 64 68.9 69 64 68.9
#4—4.8 mm 53 47 52.9 53 47 52.9
#10—2.0 mm 38 32 37.9 38 32 37.9
#40 —0.40 mm 20 15 205 20 15 205
#200 — 0.075 mm 10 7 10.0 10 7 10.0
Degradation |ndex (8.47 7.24 6.17 (11.09 7.46 2.19
Trenton (%) 24 -
LA (%) 41 43
Slake Durability test (%) 995 -

e The IDP of the material 1 showed little breakage during compaction and the IDP for the aggregate material 2
was slightly greater than for the material 1, but in accordance with a granite-gneiss.

Remembering: Materials with standard curves were only subjected to Proctor compaction
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Results and Analysis

Size Distributions % Passing
Materia 1 Material 2
Standard C1 C2 Standard C1 C2
IDP RLTDI RLTDI IDP RLTDI RLTDI
1" —=25.0 mm 100 100 100 100 100 100
3/8" —9.5 mm 69 64 68.9 69 64 68.9
#4 — 4.8 mm 53 47 52.9 53 47 52.9
#10—2.0 mm 38 32 37.9 38 32 37.9
#40 —0.40 mm 20 15 20.5 20 15 20.5
#200 — 0.075 mm 10 Py 100 10 7 10.0
Degradation |ndex _8.47 (7.24) (6.17) 11.08 7.46 2.19
Trenton (%) 24 -
LA (%) 41 43
Slake Durability test (%) 99.5 -

* The degradation value for curves of material 1 showed no significant difference after RLT indicating that the
material degradation most occurred along the Proctor compaction.
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Conclusions

* For both materials the most breaks and abrasion occurred during the compaction process, but all of the
materials showed few breakages;

» Tests efforts, LA and Treton, were consistent but it is necessary to try more flexible criteria for granular layers;

* It is important make an evaluation of the degradation resistance using an image technique to measure the
effects of degradation on angularity, texture, sphericity and form.
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Thank you

Caroline Lima, Carlos Correia e Silva and Laura Motta

Federal University of Rio de Janeiro, Brazil

carolinedias@coc.ufrj.br, cafilipe.correia@gmail.com, laura@coc.ufrj.br
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Intelligent Earthworks Optimization System

Manuel Parente
Antdonio Gomes Correia
Paulo Cortez

ISISE Institute for Sustainability and Innovation in Structural Engineering
ALGORITMI Research Centre
University of Minho, Portugal
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Overview

0 Background: Earthworks as an optimization problem

o Soft Computing tools
0 Metaheuristics
o Data Mining
o0 Geographic Information Systems

0 System architecture
o Overview
0 Solution assessment

o Application results
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4 Truckloading area Excavators

B a.C k g rO U n d Earthworks as an optimization problem

Ground levelling in Engineering precedes any type of
structural construction. Earthworks achieve this by:

ExXcavaTioNn FRONT

 Excavating geomaterials from areas above the target
height

Truck haul trip Truck return trip

 Transporting them to areas below target height, where
they are spread into layers and compacted

S

Truck unloading area

As an optimization problem, earthworks can be translated '\ J .

Spreaders Compactors

Into several production lines that require different types
of resources (mechanical equipment).

CovracTioN FRONT
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B a.C k g ro u n d Earthworks as an optimization problem

An earthwork production line:

Is associated with high construction costs and durations in transportation infrastructure
projects;

*Involves repetitive sets of sequential and interdependent tasks, strongly based on
mechanical equipment;

*Is highly susceptible to being optimized, even though few attempts have been carried out,
due to their complex and dynamic nature.

\ 4

Several production lines can be active simultaneously:
Where to start?
How to distribute the available equipment through construction site?
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Overview
0 Background: Earthworks as an optimization problem

o Soft Computing tools
0 Metaheuristics
o Data Mining
o0 Geographic Information Systems

0 System architecture
o Overview
0 Solution assessment

o Application results
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v
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] No
Selection Stop
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GA Algoritmic flow

\l/ Yes

Results
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Genetic algorithms (GA):

« Based on evolutionary ideas of natural selection and
genetics

« Can deal with large search spaces within reasonable
computational effort

 In each iteration, the GA improves on the best-found
solutions of the previous one

\ 4

Gradually tend towards an optimal
solution for the problem
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COmpUtlng tOOIS Data Mining

Cleanmg [ Integration J Mining | | Evaluation J
Raw Data Data Transformed Pattern Knowledge
Warehouse Data
A A A A !
[ [ | I |
| [ [ I |
I [ 1 1 DM Process
S . S S — _*

Data Mining (DM):
Prediction of unknown
earthworks parameters (e.g.
equipment productivity)

 Applied to databases where results are known

»

« Can be used to predict the behaviour of new data in
similar conditions/situations
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# Route
¥ optimization

Geographic information systems (GIS) Optimization of earthworks

« Path finder algorithms are an effective and efficient transportation routes

means of finding the best trajectories in a network
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Overview

0 Background: Earthworks as an optimization problem

o Soft Computing tools
0 Metaheuristics
o Data Mining
o0 Geographic Information Systems

O System architecture
o Overview
0 Solution assessment

o Application results

@ s
B | oo | o0
TR Sy - )

PN ms s
G

e

Rll'l'(iERS




Intelligent earthwork
optimization system:

e 3 modules

e Each module is based
on a different
technology

* Integrated modules
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Implementation

Module Technology Function
tool
Equipment Data Mining R/rminer . user inputs;
»  estimation of productivity & costs

Spatial Geographic R, QGIS, ArcGIS *  modelling of construction site;

Information «  path finder

Systems
Optimization Metaheuristics R/mco * (near) optimal selection of equipment

fleet depending on availability;

* (near) optimal equipment fleet allocation
throughout construction phase;

. return output to user.
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System archltecture

USER INTERFACE

Spatial Module / /\ Equipment Module

Equip. Database ——p DM
Model

ut

GIS Gy PAth Finder —

System Outpi

Optimization Module

Optimization (GA) P Fitness function

Module integration
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Construction phase 1

T System architecture s e L= 10000 17 P12 10000

Load DM models for GIS data / OD cost matrix
compactor productivity
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o R OoNnsStruction pnase
System architecture s sesmen S PPT—— >~ 10000
Load DM models for GIS data / OD cost matrix a x x
compactor productivity
& Qp; = 1000 m*/h Qp(, = 500 m*/h

Population generation
(compactor distribution)
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Load DM models for
compactor productivity

GIS data / OD cost matrix

v

1
]
]
]
]
]
]
Population generation |
]
]
]
]
]
1

(compactor distribution)

vy T

Fitness evaluation

(for each solution)

other tasks

Equipment allocation in

@Gso-msmum P s RUTGERS

Construction phase 1

PL_l = 10000_m3 PL2 = 19000 m?3
Qpy; = 1000 m3/h l Qpy, = 500 m/h l

o @

o l
Caaloe Chaa
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Load DM models for
compactor productivity

GIS data / OD cost matrix

v

Population generation
(compactor distribution)

vy

Fitness evaluation
(for each solution)

Equipment allocation in
other tasks

v

Calculate compaction
duration and costs
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Construction phase 1

PL1 = 10000 m3 PL2=10000 m3

Q,, = 1000 m3/h l

o
Caaloe Chaa

to, =10 h

Q, , = 500 m3/h l

-

i

tp,=20h
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SYSte m a rCh |teCtu re Solution assessment PL1 = 10000 m3 PL2 = 10000 m3
Load DM models for GIS data / OD cost matrix a x x
compactor productivity

v

i Qle = 1000 m3/h l/ QPLZ = 500 m3/hl/
Population generation i / . TN . )
(compactor distribution) i
U |

Equipment allocation in ﬂ @ a ﬂ

other tasks l l
Calculate compaction % % %

Fitness evaluation
(for each solution)

duration and costs tp;; =10 h to, =20 h
G PL1=0m3 PL2 = 5000 m3
Update material volumes (Completed)

in all fronts
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Load DM models for
compactor productivity

GIS data / OD cost matrix

v

Population generation
(compactor distribution)

g i

Fitness evaluation
(for each solution)

Repeat fitness function for
each construction phase:

Equipment allocation in
other tasks

v

Calculate compaction
duration and costs

v

Update material volumes
in all fronts
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Construction phase 1

PL1 = 10000 m3

Q,, = 1000 m3/h l

AT AT

o
Caaloe Chaa

to, =10 h

PL2=10000 m3

Q, , = 500 m3/h l

-
£,

i

tp,=20h

Construction phase 2

PL1=0m3
(Completed)

PL2 = 5000 m3
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Load DM models for GIS data / OD cost matrix
compactor productivity
1
G i Q,, = 1000 m3/h l
i
]
Population generation |
(compactor distribution) i
]
]
G \i, ----------------- IRepeat fitness function for
each construction phase:
> Fitness evalua’Fion :
Crossover & (for each solution) Equipment allocation in
mutation for other tasks
new G
population Q
generation
N Calculate compaction
) .
Stop duration and costs

criteria?
Q Construction phase 2
PL1=0m3 PL2 = 5000 m3
Update material volumes (Completed) p p
\l, Yes in all fronts a a

Output

System algoritmic flow
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Overview

0 Background: Earthworks as an optimization problem

o Soft Computing tools
0 Metaheuristics
o Data Mining
o0 Geographic Information Systems

0 System architecture
o Overview
0 Solution assessment

o Application results
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" Application results

Implementation of the system has been successfully achieved, including validation with real
construction data from a Portuguese construction site.

Assessment of optimization algorithm convergence towards Pareto-optimal front:

- This type of solution representation
. % | Increases the versatility of the system from
° T the designer point of view

35 40 45 50 55 g0  Algorithm convergence —
Costin euro; Duration in hours.

Duration
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Application results
. Conventional Optimized Example — comparison between the
allocation allocation optimized solution and the conventional
Approximate distance to o solution obtained by manual design:
excavation front (m) . .
« Conventional allocation:
Number of compactors 1 1 o Limited by the excavation team
C t k rate (m3/h) 683 683 work rate
ompactor work rate (m .
o Over-allocation of dumper trucks
Number of spreaders 1 1 o ] ]
 The optimized allocation finds the most
Spreader work rate (m>/h) 675 820 homogeneous allocation solution given
Number of dumper trucks 3 2 the avallable resources
Dumper truck work rate (m3/h) 1280 880 ‘
Number of excavators 1 2 Resources are used at full efficiency (e.qg.
Excavator work rate (m3/h) 540 743 no idle tlme)




. j . f P N7 SEO-INSTITUTE T mwmamnes  RUTGERS
sl T

3 04-07 September 2016, Guimaraes, Portugal University of Minho

t

" Application results

Overall comparison between the obtained Pareto-optimal solutions and the original manual
solution adopted by the designer:

o S -
Lo 1
L} _ 1
L] 1
™~ i
z 5 |
O = :
L] 1
L] 1
= i
L= | | | | |
A0 680 a0 100 120 Dot: Original human solution

Line: Obtained Pareto front of solutions
Duration

Competitive results were achieved by the proposed system (reduction of 20-50% in project cost and duration
when compared with human solution), stressing the advantages of intelligent optimization tools in the design of
earthworks.
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Intelligent Earthworks Optimization System

Thank you
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OPTIMUM DESIGN OF UNPAVED ROADS REINFORCED WITH
GEOTEXTILES: COMPARISON OF INTERNATIONALLY
PUBLISHED METHODOLOGIES

Karavasili Stylianit, Tastani Sousana?, Markou loannis?

1. Thrace Nonwovens & Geosynthetics, Technical Support
2. Democritus University of Thrace, Lecturer
3. Democritus University of Thrace, Associate Professor
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REINFORCEMENT FUNCTION
= Giroud and Noiray 1981 and Giroud et. al, 1985

(Holtz and Sivakugan 1987 examples considered)

= Steward, Williamson and Mohney, 1977

= Giroud and Han, 2004 Load
distribution
"p
Local Friction
reinforcement
: X
Tensioned membrane I Subsoil containment
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GIROUD & NOIRAY (1981) — GIROUD et al. (1985)

2a

Undeformed () v
state of the geotextile

Deformed state of f
the geotextile

a) h - aggregate base b) h:reduced aggregate base thickness

. B
> B

L7/

w

L}~
| | |

subsaoil < > Geotextile * > subsoil
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COMPARISON OF DESIGN METHOLOGIES

Holtz and Steward,
Giroud and Noiray . Giroud and Han | Williamson and
_ Sivakugan
Calculation of Mohney
the agSregate Common parameters for all methods: CBR = 1, axle load P=80kN, Tire inflation
base thickness pressure p. =480kPa, Number is passes N=1000 (and 10.000), Rut depth s=75mm,
E=200kN/m
Note: Values in parenthesis refer to N=10.000
h, (mm) 313 (313) - - -
h, (mm) 570 (760) 555 (740) 465 (510) 475 (475)
Cz.:\IcuIated 160
strain: 0.013 (160)
h (mm) (0.014) - - -
Preset strain 113
0.1 (113)
Cz.allculated 417
strain: 0.013 (607)
h' (mm) (0.014) 432 (616) 315 (365) 325 (325)
Preset strain 370
0.1 (560)
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PARAMETRIC ANALYSIS: the mquence of rut depth, s

aggregate base thickness (mm)

750

650

550

450

350

250

150

_________________

________________

_____________________________________________________

h' (effect strain, s=150)

h' (preset limit, s=150)

h' (effect. strain, s=75)

.= = = h' (preset limit, s=75)

CBR

@Gzo.msmum ia B RUTGERS

g, | omem g8 | oroeM
M | Ccoweros WP | coouoees
= s

The higher s is, the fabric is
mobilized to undertake higher
effective strains in the vicinity
of the preset limit resulting in
very similar base thickness for
a given CBR value.

e Fors=75mm, the fabric is
practically inert thus the
required aggregate base
thickness is maximized.
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| PARAMETRIC ANALYSIS: the mfluence of passes number, N

] I e R —
| 5 h' (effective strain)
850 - R R
: 5 el (preset limit)
750 |---—-—-+-Y-- S e T e B : :
| | | EF;:c?krEl’/n The higher N is, a broader
650 '“: """""""""" L aggregate base is required
550 |- N TGS SRS SR S—

| | | e For high value of s =
450 """ """ s S e both strain alternatives

result in similar h’.
N 1.000°

250 |------iooe A ~Ne

350 bt N ; ..............................

aggregate base thickness (mm)

150
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PARAMETRIC ANALYSIS: the influence of s and material stiffness E
(consideration of the effective strain)

750 T A R :
650 |- N Es0.075m Stiffer materials develop higher
\ E=100.<=0.15m | strains when s is important else
550 f\% E—SDU- 015 m the fabric is practically inert.
N N\ S _IE:'SDUj S:m?m e grey curves: for s=0.075m,

they aren’t affected by E
values =» geotextile operates
mainly as separator between
the layers

aggregate base thickness (mm)
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~ PARAMETRIC ANALYSIS: the influence of s and material stiffness E
(consideration of a preset strain limit)

650 Geotextiles with high E, allow for lower

| | — E=100,5=0.075m thickness h’. Given that the effective (actual)
: : ——E=300. s=0.075m strain is usually lower than the preset value,
550 |- 0 W A I SR SR the latter resultant h’ are higher.

s E=600, s=0.075m

. ! Note: When the designer choses a preset
450 | N\ ——E=100.s=0.15m strain limit, the material probably will not

! ! E=300.s=0.15m develop it, thus the resulting h” will be lower
' than required.

350 |\ N e =600, s=0.15m _____
: - =>» The actual bearing capacity is lower than
! ; 0 assumed

250 |- ______ aNO . Preset Ilmlt o =>» The performance of the reinforced

unpaved road corresponds to that of a
lower number of vehicle passes.

aggregate base thickness (mm)

CBR

! ] =» This is more critical when s is minimum
150 o
and E is high.
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CONCLUSIONS

= |nternationally accepted methodologies for design of reinforced unpaved
roads were collected and critically assessed

* Method of Giroud and Noiray (1981) and Giroud et al. (1985), was
considered for parametric analyses

= Spreadsheets were developed with embedded subroutines

= Parametric studies were conducted considering the main design parameters

= The importance of the geotextile strain (preset limit vs effective strain) on
the required aggregate base thickness was highlighted
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OPTIMUM DESIGN OF UNPAVED ROADS |
COMPARISON OF INTERNATIONALLY
PUBLISHED METHODOLOGIES

Thank you for your attention

This research was kindly supported by  /zZ THRACE GROUP
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Soil-Transition Slab Interaction in Jointless Bridges

Catarina Fartarial, Alexandre Pinto?, David Gama3

1. JETg;, Geotechnical Engineering, Lda.
2. Instituto Superior Tecnico, University of Lisbon
3. JSJ, Structural Engineering, Lda.
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Time dependent movements principal direction
(1) > (1)
m-i-. . — - EPELLTR - _ ‘_"b.m—
n.(g;) LT “han vtéj N
(4) (4) (1) Transition Slab
(2) Bridge Deck
(5) (5) (3) Abutment
(5) | I 77777, | (5) (4) Piers

(5) Pile Foundation

[ Monolithic connection ] \ /

No need for Bearings or
Expansion Joints

INTRODUCTION
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Ucontraction €——@——> Ueyxpansion Bridge lenght =160m

~

€creep®—0,25 mm/m

sshrinkagez -0,30 mm/m

\_ Ear & —0,20 mm/m (AT =-20°C) y

l

Abutment imposed
displacement

Ucontraction = uAT(-) t ucreep +u shrinkage

_ u=60mm
uexpansion - uAT(+) - ucreep = Ui nkage \- J

INTRODUCTION
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surface depression
= ( Active failure A
mechanism
s |
active failure
sepbd L Surface Settlement y
[ Bridge Expansion ]
surfacebump____ (" i :
— Passive failure
mechanism
|
Surface Bump
passive failure mechanism \- /
INTRODUCTION
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[ Pavement longitudinal imposed displacements ]

[ Bridge Contraction ]

UWimposed

[ Expansion Joint ]

[ Non-Monolithic Slab ]

[ Monolithic Slab ]

INTRODUCTION
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2D Model [PLAXIS]

e "‘-"'-'::'.{' L. :—-,.-f" 2 TN Y

_ﬁ;‘, _\z\'\f' \—Jé\/\ e “>--

"'-._. ."-..- \._.- \ ._."\‘f
TaTaTATET A ams

by

s rana e _.-"k '_.u ra?
'-..-'f "‘-..-"? N A "-i__},-"r_ o ;-'
N "ﬁ'x n I v \‘ __.-"\ FOHN, el |
,.-"\,r‘f-f'rq _”,r R \\/,"/n_'_.

< z_*z‘;gf e “a“ "
A ST

~

Backfill Soil — Cluster element — Hardening Soil model

============4 Transition Slab — Cluster element — Linear Elastic model (E=E")
Concrete-Soil interface — Interface elements (Rinter=2/3)

Transition slab movement — Imposed translational displacement

NUMERICAL ANALYSIS
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( )

Imposed Displacements

Bridge Contraction ux<O0
Bridge Expansion ux=0

Backfill Soil Properties — Hardening Soil Model ]
Y Soil unit weight 18 (KN/m?3)
Eco Secant stiffness in standard drained test 80 (MPa)
Eeod Tangent stiffness for primary oedometer loading 80 (MPa)
Eor Unloading / Reloading stiffness 240 (MPa)
¢ Internal friction angle 38 (2)
c/o/ Y Cohesion 1 (kPa)
c/od/ W Dilatancy angle 7 (2)

NUMERICAL ANALYSIS
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[ Measured Indicators ]

Absolute Surface Vertical Displacements
[surface settlement/bump]

Absolute Surface Longitudinal Displacements

End of the

[imposed pavement strains] Al

Slope Variation x(x) = w(x;) — w(x;) _wlxg) — w(x;) <y
[surface planirity] Xj — X; X — X; = Aadm
4 )

Suiss Code
SN 640 520a/521c

Xaam = 20%0 Highways
\§ J

NUMERICAL ANALYSI
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(N S

9
l
l
l
l
1
l
l
l
l
l
l
d |

S g

failure surface

[ Bridge Contraction ]
Active mechanism | &= =

Mohr-Coulomb failure points

failure surface

[ Bridge Expansion ] PO L T __ __ —"—"—" G
Passive mechanism

NUMERICAL ANALYSIS
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Steel plate Xperimental Campaign
2 > <
{Transition slab (angle 10%) =~ Muttoni et al. (2015)
o 8 - C \ J
8 M~
S|P pport 7
) »-Steel column HEA160. .
RE LB LU R =
o
= 200 8300
9700
/ 2 prestressed rods
- o
©025902520%G%0%0% \_ Polystyrene or
i 02020%5%595959,952
; 202020202020%0%020 fibore cement plates
B.Duth o o 0 0 _O0_ O _O_O0_0O Ly .
3lo Soo08000000ag00000¢ 1 ransition slab  and plastic sheets =I8=
|& 893020303020508030 23S
- 9395252525959595%5
: 02020209620202620°
Morth 026222a%:%20%:%:%: 2
. JESals ads Dals Sads Dads Datsads Dals !
\
\—Prefabricated wall elements

EXPERIMENTAL FULL SCALE MODEL
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Bridge Contraction

Vertical Surface Displacements

SIMSG H ISSMGE

30 -
— -20mm
20 - ———— 40mm
e 60 MM
— 10 s e (M
g O 1 | ] | ] )
ot 0 | 2 3 4 6 7
5 -10 - -
3 20 -
2
=30 - |
'xwff
40 T
-50 -

X (m)

30

20 |

Wpav (mm)

-10 L

GEO-INSTITUTE PR wnmssugstan RUTGERS

10

-77

M — 60
P s B
) — -20

9 (e 0]
0 1 2 3 4 S5 6 7 8

x (m)

[ Muttoni et al. (2015) ]

NUMERICAL ANALYSIS
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Bridge Expansion

Vertical Surface Displacements

SIMSG H ISSMGE

40 -
+20mm
30 - -+40mm
+60mm
’g 20 -
\'Tg 10 -
E
=z 0
0 -
10 4—
| — = ¥

Wpay (mm)

" GEO-INSTITUTE L mmmny RUIGERS

R, | oroeu g8 | oroeM
W | oconcros P | Dcouiones
e = SR
.
o

x (m)

[ Muttoni et al. (2015) ]

NUMERICAL ANALYSIS




3 ICTG 2016 =

i 04-07 September 2016, Guimaraes, Portugal ey of tino -

Bridge Contraction

Longitudinal Surface Displacements

=100 9 —
-20mm
) -40mm
s i e -60mm
= -77mm
£ -60 - -
5 40 -
= |
"20 - ‘
O | | | ] | | | |
0 1 2 3 4 5 6 7

Upav,edg (mm)

20

40

60 |

80

GEO-INSTITUTE Pl mammunye RUIGERS
j& @ Sl % oo

—_— =77
— -60
— -40
—-20
18t crack

| - (+35)

|~

I — North |
- -- South

x (m)

[ Muttoni et al. (2015) ]

NUMERICAL ANALYSIS
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Bridge Expansion
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Longitudinal Surface Displacements

0
0

SIMSG H ISSMGE

10 -+

40 -
) -
60 -
70 -

'upa\'ement (1'[11’1’1)
(U9}
o

80 —

+40mm
+60mm
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— 0
60 [ —» — 2
— 40
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40 |
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J
g
£
-80

X (m)

[ Muttoni et al. (2015) ]

NUMERICAL ANALYSIS




|
m - m
ke O
m a |
@ %)
— — O
= _
() O
o) >
O O

()] )
- ®)) O C O
. = ju <
x - 58| 3

N g

)

» Vo

—l
s /]

SIMSG

> Surface Active
Zone

A A " n
/7~ B o
oy - —
3¢ L >
v + —_
77 R W T
go L
m 5 v ©
- S ©
s ()] v Y
t = =
) o O >
©: 3 <0
0
QO
1.“ 0 m
Q A S
£ 0
N ; c n
S ke ¢ A
O: f=
= 0 S5
4 © — O
O: 5 D @
o - c O
3 IS R
g ] =
- 5 3 n =
QO,¢ - cC >
(=] w Mb
—_ ©
Y _In
c A W
—

[




. 3rd ICTG 2016 s G o e
s “I~ 7
A & 8= 8.

N
8 04-07 September 2016, Guimaraes, Portugal \“f*—_)/

/The numerical model is representative of physical behavior observed in the \

experimental campaign

« For short bridges (minor imposed displacements) the transition slab length and

its slope can be chosen in order to mitigate soil disturbance at the surface

« For longer bridges a technical solution that address both surface settlement

and pavement cracking is required

« The understanding of phenomena here presented and its related kinematics

mechanisms is essential to define a technical solution for jointless bridges

\approaoh embankments /

MAIN CONCLUSIONS
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Some effects of fiber addition on the behavior of
clean sands under cyclic loadings

Jorge Hernan Florez Galvez!, Lucas Festugato?
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Introduction

Fiber adding for improve the mechanical behavior of soils;

Characterization of positive effects under static loading conditions;

Possibility of using this technique for ground improvement in cyclic loading situations:

e Wind generators;
e Seismic events;
e Tidal effects;

e Limited knowledge about the behavior of these material that conditions.
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Objective

* Evaluate the effect of fiber addition in a sand, when submeted to monotonic and cyclic loading, in two
conditions: no fiber and, with 0.5% of fiber in weight. To study the effect of compaction, the sand samples
were tested in two different void ratio.
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vol " D rae

| ndex Value
. O 26,2 KN/
Materials C, 20
C, 1,1
Do 0,11 mm
1. Sand - Source: Osorio, Southern Brazil Dso 0,20mm
emin 016
Eirax 0,9
100
/
90
(
80
S
< 70
(@)
S 60
e
e 50
S
g 40
(]
g 30
o
20 /
10 /
SEM HV: 20,0 kY Date(m/dly): 05/14/15 | i UEGIE*:ESC&N O af
e S e TR 0.0001 0.001 0.01 0.1 1 10

Didametro (mm)
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Materials

2. Fiber: Polypropilene

e Diameter: 0,1 mm

* Length: 50 mm

* Density: 0,91

e Secant modulus: 10 GPa

e Tensile Strength: 200 MPa

e Distilled water
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Experimental program

e Monotonic Triaxial tests (CD) e Cyclic Triaxial tests (CU)

e Fiber: 0,5 % (constant)

e Water: 10 % (constant)

e Effective initial confining pressure: 100 kPa
* Number of tests: 12

* Frequency: 0.1 Hz

e Fiber: 0,5 % (constant)

e Water: 10 % (constant)

» Effective confining pressures: 20, 100 and 200 kPa
* Number of tests: 6

* Loading path: Sinusoidal
e Deviatoric stresses: +20 to +100 kPa
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Molding conditions
e Sand — Water — Fiber

e Moist tamping (3 layer)

Sample size:
* Diameter=10cm
e Height=20cm

Moisture content: 10%
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Results — Monotonic triaxial tests
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Results — Cyclic triaxial tests
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Void ratio oy (kPa) N
0,5% fiber No-fiber
0.75 + 20 635 234
0.75 + 40 14 6
0.75 + 60 3 1
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Results — Cyclic triaxial tests
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Results — Cyclic triaxial tests
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Conclusions

For shear strength parameters, the post-breaking effect in the case with fiber addition, is an increase of
strength due to fiber elongation, but this do not have, apparently, any effect in the volumetric strains.

The contribution of fibers is more effective for the higher void ratio, which is the condition with less
deformation, delaying the fibers response.

Improvement due to the addition of fibers is not limited to increase in the maximum number of cycles:
Conservation of moduli of elasticity by controlling de accumulation of permanent deformations.

Preservation of test specimens even after liguefaction is reached.
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Motivation

technological gap

compactor with drop weights

e

compactor with dynamic excitation

n %
am ?

epth of influence
&)
3

Procedia Engineering, Volume 125, 2015,
Pages 390-396, ISSN 1877-7058
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Field tests with
cone penetration tests, layer by layer excavation, ...

N Real ¢
~
Scale ' /
N Y . Abaqus Explicit, reducing of element distortion by
— ™ Simulation ‘/  ALE adaptive meshing and CEL
\/\ /\/ / Modified Drucker-Prager Cap Model

<\

Procedia Engineering, Volume 125, 2015,
Pages 390-396, ISSN 1877-7058




SIMSG ISSMGE

Ot m]’l‘(j ERS

| 3rd ICTG 2016 K&

04-07 September 2016, Guimaraes, Portugal

raity of Minho

Sohuol " Dgraeeiy

Rapid Impact Compactor
TERRA-MIX

Vertical Accelelartion - Rapid Impact Compactor (compactor foot)

Acceleration [g]

03
Time [sec]

Procedia Engineering, Volume 125, 2015,
Pages 390-396, ISSN 1877-7058
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— ™ Simulation

\’\ S /
S amm Soil behavior

- during compaction
- below compactor




- SIMSG [} ISSMGE @ GEQINSTITUTE ;=|- m{[ﬁggﬁ
| 3rd |ICTG 2016

8 04-07 September 2016, Guimaraes, Portugal University o Miho

4 /
g~ Real
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\
™  Simulation ‘/

\/\ /\/ / Optical and Physical Measurements

High Speed Imaging
~ e - DIC/PIV (Digital Image Correlation)

- Acceleration Sensors
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Test setups with transparent section plane for optical measurements with the DIC/PIV method
(a) test station S (small) for a volume of test soil up to 0.4m?3 and
(b, c) test station M (medium) for volume of test soil up to 5 m3, laying on natural soil

Setup/Processes
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Test Station M
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Guided freefall weights with variable basic shapes and falling heights up to 1.2m
(a, b) test station S with weights between 4.5kg and 6.75kg
(c, d) test station M with weights between 26kg and 70kg
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18261 (50g)

el Wi T
drop 13t0 24 drop 01 to 12

]
vgzss (25g) X—\J_L

G

40cm distance from cutting plane

B 5cm below surface
‘ | |
| I i
- Sand: I i
- Dr: 50% ; !
¢ ‘ 118262 (50g) i
L m o)
! 2 i:g
He =
0o nr =
£ig Big
§ :ﬁ configuration camera:
iy 1,920 x 1,600pixel
e et
1.4pixel/mm
configuration ISTRA4D:
%0 facet/grid: 25/15pixel
o
section safety glas (97cm x 97¢m)
i 18260 (25g)
=

Test station M, configuration for 12 drops on each side with a
falling height of 0.34m, a falling weight 47kg and a diameter of 0.3m
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Test station M, evaluation of 12 + 12 drops, total displacements > 10mm,
(a) drop No. 6 right position, (b) drop No. 12 right position, (c) drop No. 6 left position, (d) drop No. 12 left position,
compared to situation before compaction
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Test station M, evaluation of 12 + 12 drops, horizontal displacements (x) between +/- 2mm,
(a) drop No. 1 right position, (b) drop No. 12 right position, (c) drop No. 1 left position,
(d) drop No. 12 left position, compared to situation before compaction
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18262(50g9 re Nl

18259(25g)

Test station M, evaluation of 1 drop at left position, total displacements between 0.1mm and 0.2mm at,
(a) 0.0019sec, (b) 0.0044sec, (c) 0.0094sec and, (d) 0.018sec after impact, with marking the positions of 2
acceleration sensors in the sand
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50g 15-18262-Z (250mm)
70,00 : : 7.00 70,00 :
60.00 | 28 shock wave | | 600 60.00 boeeo- == 25g 15-18259-Z (625mm)
’ |:-l ] - T | ’ ’ : --------- .25g 15-18260-2 (1.000mm
50,00 |---p| 1*shockwave }t--4-4-4+ 500 50,00 L 5,00
20 A I "0
— | ! =L 40,00 L 4.00
E 40,00 4,00 -
5 30,00 500 30,00 3,00
= 520,00 2,00
320,00 2,00 3
> 5 10,00 1,00
10.00 100 <
0,00 0,00
0,00 0,00 -10,00 -1,00
-10,00 -1,00
; = 220,00 -2.00
1,466 1,468 1,47 1,4721,4741,476 1,478 146 147 148 149 15

Vertical acceleration in soil, 250mm, 625mm und 1.000mm below surface, medium dense sand (Dr: 50%)
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22

20

[
[7.a]

—_—
L=

—
=

Displacement total in mm
¥

st
=

6
Test station M, evaluation of 3 drops, total displacements > 20mm, measured 0,019s after contact,
and 0,112s (final)
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D L
10
50|
E 4-0,200 E
- 10,0 -
1 -
s s
g 150 10,400 g
] ]
= 200t =
4 : 40,600 =
i) o
o 250} o
- 4-0,800 =
$ =00f 3
& &
4-1,000
E 350} E
& &
a Heor 141,200 &
b e
.. 450F .
o 1-1.400 ¥
S so0f S
— -
S 550 e “ {-1.800 =
wn Ty
60,0 | 1-1,800
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Step

Test station M, evaluation of 24 drops, directed displacements of one point 0.25m below initial surface
(near sensor 50g 18262)
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Abaqus Explicit

Hypoplastic model for granular materials
von Wolffersdorff [1] (basic model), Niemunis and
Herle [2] (small-strain extension)

[1] P. A. von Wolffersdorff.

A hypoplastic relation for granular materials with a predefined limit state surface.
Mechanics of Cohesive-Frictional Materials, 1(3):251-271, 1996.

[2] A. Niemunis and |. Herle.

Hypoplastic model for cohesionless soils with elastic strain range.

Mechanics of Cohesive-Frictional Materials, 2(4):279-299, 1997.
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The use of seismic wave velocities in the evaluation of
stiffness, damping and anisotropy of geomaterials in routine
laboratory and field tests

Claudio Pereiral, Antonio Gomes Correial,
Sohel Nazarian?, Cristiana Ferreira3

1. ISISE, University of Minho, Portugal
2. CTIS, University of Texas at El Paso, United States
3. CEC, University of Porto, Portugal
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Introduction

Anisotropy of ground materials plays an important role on geotechnical design;
Materials anisotropy is affected by its geological characteristics, compaction method and stress conditions;

The present study is based on the use of bender elements (BE), which allow the assessment of shear modulus
in different directions;

BE have become an increasingly common technique for direct and non-destructive measurement of P and S
wave velocities;

With these velocities, elastic stiffness parameters and other relevant features namely anisotropy, sampling
quality, liguefaction evaluation, cementation, porosity and damping, can be directly computed;

This study aims to evaluate inherent and stress-induced anisotropy of a monogranular sand by means of BE
measurements in vertical and horizontal directions;

To improve results consistency, namely in terms of scale effect and BE interpretation:
e Tests were carried out in two different triaxial chambers with different dimensions; and,
e Two sets of BE (vertical and horizontal) and accelerometers (AC) were used.
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Materials and Methods

» Tests were performed in two distinct triaxial cells using specimens with 100mm and 150mm diameter

L’ ‘ Digital
. cilloscope
i BE Receiver 03 op
f//—BE Receiver Digital \I
L.f/ Osdlloscope tr ivd
‘BE Redceiver Triaxial cell J
J \ L
~BE |Transmitter m ——
4 —Efr FJ jfAﬂxccelercnneterz L Computer
/_\ /—Specimen Computer /’\ |
i W
| —BE Transmitter e /\ ]
//:\_\/ Specimen ’:\ ji.ﬂLcoeler{)meterl § 2
| Function /‘ E E
<} Generator : 4 5
BE TransmPtter ‘
a) b) o d)

Figure — a) Systematic view of the 150mm triaxial chamber system; b) Detail of the horizontal Bender Elements assemble; c) Systematic view of the 100mm triaxial chamber system; d) b) Detail of the horizontal

Accelerometers assemble;
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Materials and Methods

e 150mm Triaxial Cell

e “T-Shaped” bender elements (BE): 11mm wide x 1.8mm total thickness x 2mm
cantilever length;

e 100mm Triaxial Cell
e Two bender elements from GDS Instruments;

e Accelerometers from Bruel & Kjzer (type 4513-001, 100mV/g sensitivity, +50g
measuring range, 1Hz to 10kHz frequency range, 12.7mm in diameter,
15.65mm in height, 9.0g in weight);

e |ts attachment to the specimen is possible by means of threaded head pivots;
and,

e Accelerometerl (AC1) is placed 30mm from the specimen base and £
accelerometer2 (AC2) 100mm from AC1. Figure — Overview of the test setup.

e Associated Electronic Equipment
e Function generator from Thurlby Thandar Instruments (TTi TG2511); and,

» Digital oscilloscope PicoScope model 4424, with 4 channels (1 or 2 channels at
a sampling rate of 80MS/s and 3 or 4 channels at 20MS/s, with 12 bits of
resolution) for data acquisition.
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Materials and Methods

e Physical properties of the material tested. e The travel time (tt) determination was conducted using
e D50=0.28mm; and, time domain methods of signal analyses namely;, first
e Cu=1.22. direct arrival (t0).
2.8 kHz|
e 3.2 kHz )
Table — Physical properties of material tested. g.g E:z! Shear Waves VE‘/OCIty
34 | d Z|
Pd max(g/Cm3) Pd min(g/cm3) € max € min o a2 it \ A }.\ . V _ E
LEC_UM 1.589 1.397 0.882 0.655 = oy A ST L
:n ! f\ AT . N tt
DI 0 1:M | I._ 1 .-'F : | ‘ -\\"'{J\' Y
I 100 . o I_‘»..-"i:i;_,". i-,t .. :\.\I'II]: / 1‘-.1_:: .‘ h Shear MOdUIUS
I 80 g 8 = | LY G = p X Vs?
| " £ -
/ 0 5 = Anisotropy Factor
I 40 é -sou 1 05 ' 10 1 5 ) 20
l 30 E Tima (ms) Gh
20 3
| 0 a= =
| / | Figure - Example of travel time (tt) determination: First arrival for Gv
0,001 001 01 1 10 1000 horizontal Bender Elements for 50 kPa of isotropic effective stress.

Grain size (mm)

Figure — The particle size distribution obtained according
the NP EN 933-1 200.
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Materials and Methods

e Specimens were assembled by the pluviation method;

* In order to assess the inherent and stress-induced anisotropy,
a specimen was tested at 3 different stages:

e Stage 1- The specimen was submitted to different levels of isotropic o
stress conditions, with horizontal and vertical BE measurements, for the < ——K—1 (stage 1
assessment of the inherent/fabric anisotropy of the sand; 7100 and 3)

e Stage 2 - The specimen was submitted to an anisotropic stress state 50 - K=0.5 (stage 2)
with an effective stress ratio (K=sh/sv) of 0.5 and BE measurements
were performed in order to evaluate the anisotropy of the sand under 0 — ‘ ¢

. . .y 0 100 200 360
anisotropic stress conditions; and, Mean effective stress p'(KPa)

e Stage 3 - The specimen was once again tested under isotropic
conditions for the evaluation of the stress-induced anisotropy of the Figure — Stress path for the first specimen.
sand.
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Materials and Methods

e Asecound specimen was assembled in the150mm triaxial

350
chamber through the pluviation method and test sequence 00 ;
followed next steps (humbers represent the order by which .

the test was carried out):

=
* The specimen was submitted to an anisotropic stress level with the BE @
measurements (points 1,4,7); <

* Unloaded the deviatoric stress (q) for the assessment of the

correspondent induced anisotropy (points 2,5,8); and, 50 - /
e Return to the previous anisotropic stress level and increase the mean 0 , 250 A 2 A s s sk
effective stress (anisotropically) to repeat the process (points 3,6). Mean effective stress p'(KP3)
* The main purpose of this part of the experiment was to Figure = Stress path for the secound specimen.

evaluate the stress-induced anisotropy at each stress state
with cycles of loading and unloading.
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Results
. . . . . . . StagE]-
* Horizontal shear moduli (Gh) is significantly higher 200 2 -
than the vertical shear moduli (Gv); o o -
H : H . § ’:u T m m
* Low variation of the anisotropy with the mean stress, 0 * U
raging 1.25-1.27; E 100 ¢ 1.5 E + Gv-lsotropic
o . . . S so ®  x 1.4%
* Results similar to those obtained under isotropic R EREE B
oy e . <
stress conditions by Amat (2007) in the Hostun sand . e
and by Kuwano et al. (1999) with the Toyura sand, 0 .
. < Fabric Anisotropy-Hostun
observing a Gh/Gv of 1.2; " e tff“"tmz":; ro 300 rand ozt 2000
d According to Fioravante (2000), the hlgher values Figure — Shear modulus of the sand under isotropic conditions and fabric anisotropy.

associated with the Gh when compared to Gv may be
caused by the pluviation technique, which results in a
slightly oriented structure.
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Results

* Anisotropic stress conditions (stage 2) have a 150 , Stage 2
significant influence on the sand shear modulus; 160 .

% 1.8 =

* |ts possible to observe a reduction of the Gh and an 0 -
increase of the Gv for the same mean effective stress; 'aiz: e “"%

* Anisotropy presented a stress-induced modification, in < s 2 "“§ SRR
the range of 1.04-1.06, which are similar to the results 60 12 2 au(os
obtained by Kuwano et al. (1999) with the Toyura sand 40 ) o onos
(Gh/Gv=1.02), although relatively higher than those 20 T Ansotropy =05
obtained by Belloti et al. (1996) with the Tiscino sand ; - 100 200 sop " ——Anisotropy-(K-0.5)Tiscno

sand (Belloti et al 1996)
Mean effective stress p' (KPa)

e This difference may be partially explained by the
differences in the fabric anisotropy, which influences
results in a slightly oriented structure.

Figure — Shear modulus of the sand under anisotropic conditions and induced anisotropy.
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Results
200 2

* Anisotropy variation between the 3 stages is clearly 180 ST Stage 3

evident; 160 18 =
140 1790 5.

e Anisotropy results in the final stage of the experiment =120 ¥ 16 S 2w e
fall between the fabric results (stage 1) and the = 100 . 152 ot
anisotropic stress results (stage 2); S 80 1.4 % P

. . . . 60 — L3 "2 induced-Anisotropy

* The specimen under isotropic conditions (stage 3) 40 Sl K12 piotopy (k-0
recovers some of its initial properties when compared 20 1.1 Gv-tsotropic
with stage 2, but it does not reach the anisotropy ", 00 - 0 e
levels of stage 1, due to its stress history. Mean effective stress p' (KPa)

Figure — Shear modulus of the sand under isotropic conditions and comparison of
anisotropies.
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Results

 The K influence on the anisotropy was reported by
several authors (Kuwano et al. 1999; Belloti et al. 1996;
Fioravante 2000; Rampelo & Viggiani 2001);

=
W
|

=
(o]
|

—#—Anisotropy

[y
[y
|

e The results obtained with this sand present a good
agreement with results from other authors,

Anisotropy-Tiscino

Anisotropy(Gh/Gv)

. . 0.9 - sand (Belloti et al
particularly in terms of observed tendency; 1996)
. . . . 0.8 - —— Anisotropy- Toyura
e Even though this work did not consider tests with o | | | | sand (Kavano otal
stress ratios above 1, it appears that these have a 0 05 1 15 2
much smaller impact on the anisotropy than stress K (ch/ ov)

ratios below 1.

Figure — Anisotropy as function of K.
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Results
o 180 -
* The results between chambers are very similar and the 6o | s
scale effect seems to be reduced; 140
* The tendency for higher shear modulus values in small =1 2
specimens as reported by Omar & Sadrekarimi (2015) = 1:3 | o « Gu_trinial_150mm
=4 | ]
was not found" 6 Gv_triaxial_100mm
60 - A Gv_triaxial 100mm_Accel
e The results obtained in other stress conditions (in 40 -
terms of comparing triaxial chambers) were similar; 20
0 T T T 1
* The use of accelerometers brings robustness to the 0 100 200 300 400

comparison as it validates the obtained results. Mean effective stress p’ (KFa)

Figure — Vertical shear modulus in different triaxial chambers considering an anisotropic
state with a K of 0.4.
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Results
* The anisotropy of the sand is lower for lower values of K, ,
emphasizing the importance of the sh/sv relationship on
1.8

the anisotropy;

——Induced anisotropy with
K=0.5

-
&

e Regarding the trends of the induced anisotropy assessed
under different conditions, they seem to have different
evolutions (anisotropy increases for K=0.5, and decreases

—— Anisotropy (K=0.5)

=== Anisotropy K=0.4

Anisotropy (Gh/Gv)
[
'S

LD +
for K=O'4)I. 12 D—_D—H Induced Anisotropy with
. . . ‘—-—‘.—————‘ K=0.4
* Previous point may be explained by the fact that when 1 — — Fabric Anisotropy (Linear of
previous results)

the induced test using K=0.5 was performed, the sand had

already experienced much higher stress levels; 0 100 200 300 400
Mean effective stress p'(KPa)

e
-

e |n contrast, the K=0.4 experiment was made in reloading

an d un |Oa d I ng Stages ’ Figure — Effect of the anisotropy stress on the anisotropy of the material.

* The path of stress level appears to influence the induced
anisotropic results.
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Concludions

* The anisotropy of the material was found to be dependent of the fabric of the material (inherent
anisotropy), the applied effective stress ratio (induced anisotropy) during testing and the stress paths
history;

* The results obtained corroborate other previous research works, showing the predominance of the
horizontal modulus over the vertical modulus, which reflects the compaction method, as well as the fabric of

the sand ;
e The anisotropic stresses caused an increase of the vertical modulus of the sand over the horizontal modulus;

e After the anisotropic loading, some recovery of inherent anisotropy can be observed under isotropic
stresses;

* The scale effects of the tested specimens seams to be not very relevant ;

e Test setup used combining bender elements and accelerometers present considerable reliability and
precision.
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The use of seismic wave velocities in the evaluation of
stiffness, damping and anisotropy of geomaterials in routine
laboratory and field tests

Acknowledgments

Financial support provided by FCT (Portuguese Foundation for Science
and Technology) in the form of the research project WaveSoil
(PTDC/ECM/122751/2010).




2]
=

& €
® &

W 3 ICTG 2016

'S 04-07 September 2016, Guimaraes, Portugal Universty

Assessment of the short and long term behaviour of
the track at a railway transition zone
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What Is a transition zone?

Zones where variation of vertical stiffness of the track occur. Those variations can be abrupt or smoothed
by transition structures. Zones that require frequent maintenance operations.

Embankment - bridge Culvert structures

Embankment - tunnel Ballast track — slab
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Understand the problematic

Variation of the vertical Assess how the stiffness variation can influences the 7 ( !
stiffness dynamic behaviour. - < 7 o ]

165

Variation of the wheel-rail

Asses how those forces vary in short and long term.
contact forces

Understand the arise of differential settlement due to
railway traffic — load repeatedly applied by trains

Differential settlements

Understand the arise of unsupported sleepers: the
Unsupported sleepers sleeper is not working properly, there is an overload of
the neighbour sleepers

Background:

e Development of numerical models;

e (Calibration and validation of the numerical models;
e \Validation of the vehicle-track dynamics;
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0.35

02 Swo-Dalastro Abrupt stiffness variation:
Soil 1 - Soil 2

6.00

| ot
1 g Track layer E (MPa) p (kg/m3) v (-)
a = Ballast 130 1530 0,20
, l —V ; Sub-ballast 120 1935 0,30
| & L Soil 1 80 2040 0,30
| ' Soil 2 1600 2040 0,30




=
: '\I/ N £ SIMSG ] 1SSMaE @& GEO-INSTITUTE PET wnmssnees RUTGERS
3rd ICTG 2016 ERel [ M
04-07 September 2016, Guimaraes, Portugal Unversity of Winho . - R
Vehicle-track model
TRACK — TRANSITION ZONE VEHICLE - 1 BOGIE
Carril Travessa Palmilha M,
(Kp.Cp)
Balastro M,
Sub-balastro Kh
Solo de Solo d(i
fundagao 1 fundagdo 2 Vehicle component Value
Bogies Mb 2200 kg
g J ] z, T Primary suspension Kp 2,60x10° N/m
54_ | 2. ¥ SUsp cp 1,20x10% N/m
Z E Wheels/axle Me 1700 kg
T T~ I T TR 1 Wheel - rail stiffness Kh 1,35x10° N/m
Frequéncia [Hz] Frequéncia [Hz]
VEHICLE-TRACK INTERACTION
@ : .
o Wheel mass « Point-line contact
Wheel-rail stiffness: Kh « Contact algorithms — ANSYS
i e Rall T * Penalty method
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Short term dynamic behaviour

Comparison of the results obtained in both 2D and 3D models

Wheel displacement Wheel-rail contact force

o] 100
= T13 | < 95F TI13 | D
= : = : ————— 3D
o —0.57 : 2 90 : 7
— [ .
Z J £ as \/\/\A/\/\/\AAN\/‘/\/W\/\/W\/\/\/\/VV\;
S —1 : = i : i
= : 2D = 50 :
= : ———— 3D 5 U757 : 7
_]. . 5 ! : TO 1 1 1 ! 1 1 1
—10 —5 0 5 10 —8 -6 —4 —2 0 2 4 & 8
Posicao [m] Posicdo [m]
Maximum vertical stress (top of sub-ballast layer)
0 - T T
- Soft zone
[+ .
25 Stiff zone 1
| m— __,__~—'—"'_ L
2 e ]
= S~ _,a;'_’” _____
1 2 3 4 5 6 7 8 9 10 11 —60
1 2 3 4 5 1] 7 8 9 10 11
Flamento
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How to simulate long term behaviour?

NUMERICAL MODEL OF THE VEHICLE- i S T T T . .
N T I > 1 Finite element model that enables to analyse the stress !
‘é TRACKSYSTEM -~~~ - state induced by the vehicle passage
Track geometry |« """ o oooooooooooooooooo oo
DYNAMIC ANALYSIS WITH VEHICLE- e e
" TRACK INTERACTION T - Simulate the possible separation between the base of the
>= 177 | |
z Sleeper-ballast contact -~ sleeper and the top of the ballast fayer |
Stresses in track layers (o) .. | o
- - ' The vertical, horizontal and tangential stresses of the finite
5 DEFORMATION LAW = f(N,o) -elements of the track layers are stored in matrices :
< | [EEEEEEARE AR e R T
» PERMANENT DEFORMATION OF 'The simulation process is carried out considering sets of
< : = i i
= ELEMENTS -~ -------=----f---=-====-==- > :CVC/E;G (AN = 100 000). It is assumed that the stress is
< N = N + AN (€onstantin each set of cycles.
E =5(N)+8(AN) “““““““““““““““““““““““““““““““““““
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Permanent deformation of track layers

e Settlement growth is higher in ballast layer.

Balastro

R ———
- Plataforma e Logarithmic laws.

| ) Subbalastro ﬁ e Depend on stress state and number of loading cycles
(0] 5 10 15 20 25

Trafego (MGT)

Ballast — ORE (1970) law Sub-ballast; Foundation — Gidel et al. (2001):

N+ N \\ Do not consider the phase 1 of

ENn =81 Clog[— '} loading —f(N
i )J Sp = ( )-g(pmax’qmax)

&, = 0.082(100n , —38.2)o, — )’

depends on: N, stress, constants that depends on the type of

Experimental validated by lonescu (2004) material
Depends on: N, stress, porosity of layer, constants
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Balastro
Sub—balastro
Fundacio 1

—2 0] 2 4
Posicao [m]
Balastro
B Sub—balastro |
Fundacio 1
A
I I — 1 i 1 1
—a -2

0
Posicao [m]

s/ GE0-INsTITUTE [l mowsmmgs RUTGERS
16,5 g | gzzem -@ B
h’::;lm el e =7 mowcmorme

Vehicle passage; dynamic analyses with

SRR whecl-rail interaction

Assess the stresses of the finite elements

Apply the deformation law
of the materials for N cycles

,g 180
= Balastro
j‘ 150 | Sub-balastro |
5 120 Fundagio 1
5 90
b
= 60
:é“
=2 30
=
)
— 0
0 1 2 3 4 S

Numero de ciclos - 1()5

' Permanent deformation of the finite elements

— update track geometry
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Long term dynamic behaviour

Track settlement

Settlement of the top of ballast layer ) Initial

Sleeper base \‘

Top of ballast layer —

Assentamento [mm]

Sleeper-ballast gap

Inicial

=2 N=500000
— = N=1000000 |
= = N=1500000
5, = 1.5 N=2000000 |
g
= = I
-~ | -
= 0.5
wa
& 0 - -
' -6 -4 2 6 8
8 L ! i A i : Posicdo [m]
-6 -4 -2 0 2 4 6 8

Posicdo [m]
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Long term dynamic behaviour

Vertical displacement of the vehicle wheel Wheel-rail contact force

0 T T | T T | 165 T T T T T T T
i} - ,.~N'=2000 000

125

105 |

85

Deslocamento [mm|
Forga de Interacdo [kN]

65

45

Posigao [m] Posicio [m]

- Maximum amplification: 73,6%

- It is very important to consider the dynamic
component of the force on the simulation
process

600 000 cycles: vertical acceleration of the axle is higher than 30 m/s?
2 million cycles: vertical acceleration reaches 70 m/s? (immediate track correction)
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Conclusions

. Permanent deformation is higher when the deviatoric stress of the elements increase;

II. The amplification of the dynamic loads that results from the track deformation, also
contributes to its increase:

lll. The base of the sleepers do not follow the deformation of the track layers — gap appearance,;

V. The ballast layer permanent deformation dominates the track deformation — both due to the
law considered and the stress level installed on this layer;

V. The dynamic effects obtained on the transition zone when permanent deformation is
considered are higher than those obtained when there is only the stiffness variation.

VI. This methodology can be applied to predict the long term behaviour of the track in other
Zzones.
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Further developments
|. Consider the track irregularities and track defects in the assess of the long term behaviour;
ll. Validate the results obtained for the long term behaviour with experimental data;
lll. Perform this analysis using different deformation laws;

V. Apply this methodology to assess the long term behaviour of other zones of the track.

Recently it was created a user-interface platform and a user manual that enables anyone
to use this application in models created in ANSYS program.
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Biaxial fatigue test for the utilization of stabilized soils in the
subgrades of High Speed Rail infrastructures

Mathieu Preteseillel2 and Thomas Lenoir?

1. Cerema DTeclTM, Sourdun, France
2. LUNAM Universite, IFSTTAR, Bouguenais, France

| IFSTTAR @ <z Cerema
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Keywords :

Second European network

30 000 km of lines with

2024 km of high speed lines

800 km of new high speed lines for 2017

Legend :
In red : Lines under construction
Others colours : Projects

Main objective:
Rationalization of the environmental and
economical cost of new structures
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For the capping layer

HSR structures

Aim: Rationalization of the environmental and
economical cost of new structures

Traditional solution:
Bring granular material from quarry

Advantage:

= e it . Design of such structure is well known

Bande Inconvenient:

SES | Piste : . L.

—— Not environmental friendly, consumes limited

3.10 0,701 0.75
- g iy resources
3,25
| fm : 3=
. - Alternative solution:
1 caniveau a cables . . .
Point P 70 Use of the natural soil present in the right of
: i T e s i -« way of the line with an appropriate
€ .. S stabilization
N T W N N
L~ T 5 \‘\__\."\. Tk s .
/. ___Capping layer 7 e i Advantages: |
Track <L Save granular material
r ) .
ack bed Re-use of soil considered as waste
KON Inconvenient:

Unknown mechanical behavior especially for

HSR structure (IN 3278) the fatigue behavior (100 years of service life)

The fatigue behavior of stabilized soils needs to be studied
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Definition of a stabilized solls
Stabilized soil

_Insitu soil Hydraulic binder
SO o (110 5%)

4.0
3.0
‘o
o
= 20
=]
o
1.0
n A A
100 101 102 102
: Curing time (j)
Operation of mixing UCS vs time for a regolite of micashiste with 5% of CEM Il

Are mechanical performances of stabilized soils compatible with stresses in the capping layer?
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Modeling of the HSR structure (1/2)
R=127.5 kN

".II 127.5 kN
\

FEM modeling is not well appropriate Discretization of the loading
for sizing studies under the ties
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Modeling of the HSR structure (2/2)

‘\‘127.5 kN E = 200 MP
————> Ballast vo0d 350 mm
Semi-analytical
Sub-layer Ezgggnpa 200 mm model
. E = 100, 500, 1000, 2000, 5000, 400 mm - str1
Capping layer 7000 and 10 000 MPa 350 mm - str2
Application of the load under the v=0.25 300 mm - str3
sleepers previously determined directly —
= a
on the ballast surface. Trackbed | _(o5 2000 mm
‘ Oyx (X=-1.5m y=0m) Oyy (Xx=-1.5m y=0m)
1 1 1 I I I I I 1 0
Ballast | E=100 | 1791
anas —E- T 4-0.2
— E=500
______ - — E =1000 -;______\ 1-03
Sub-layer — E - %ggg T 4-04 ~
. . ub- —F =
The bottom of the capping layer Stresses inthe =7 1 E=7000 T H1-05 E
o _ h — E=10000 x 106 N
works in biaxial tension HSR structure | I 1 {-07
Capping Iayer_ 1 108
—————— — _ ——___ T _ - __ N‘ -0.9
Track bed [ ] ] ] I ] ] ] LT ] ] ! ] q -1

0.30

-0.30 -0.15 0 0.15 0.30 -0.30 -0.15 0 0.15
o MPa o MPa
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The biaxial flexural test (BFT)

BFT consists in laying a circular plate on a support ring. The
load is applied on the upper face through a ring. The test
generates a biaxial tension on the lower face delimited by a
circle with the same diameter as the loading ring

z l F
y X Ball joint
Loading ring

N

)
QL
-+
m

\ «— Layers
t= 50¢ : I
I I Layers
T - - <
¥ : : .: N
f=10_ 1, I I ' ISupport
— 11
_)': :l<_ !( DL =140 )5 :: ring
. Ds =280 P!
< >,
1 = 1
:< D =300 ).
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Studied stabilized solls

00 CLAY SILT FINE SAND COARSE SAND GRAVEL
T T T T T T
NVF1 o ap |1 i LT CT T
80— —<— ASE |7 A s e o el ey | N
o 70 - T T R e L Ry A P A L N T
B 60| --eheei AT L BRI
Df? . T | T ™ ) PR L
el 1] TR R (R o A [ (e . 5 T ESERREE B R
S : A T A R A
O 4D rrotecna i e g e e e L LR LSt LR L
[b] | | | = [ I T T R SR I T S RN SR
O oA AT R e bedtiiiioooos e i
L)) R e T S D TP RS ERPT R R L
LY i i R b i i e R R

10° 107 10” 1 10 Stabilized soil AD
SIEYEsize (M) VBS = 3.12 g/100g dry soil
Stabilized soil ASE Stabilized with 1% of lime and 5% of CEMII
VBS = 0.76 g/100g dry soil y=1.69 g/lcm® w =21.5%
Stabilized with 5% of CEMII
y=1.88g/cm® w =14.3%
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a) 1 L T O O O LB B B AR
Fatigue results i I 0 A i el s et G B
0.9 b SN S sosuw sanmws s oo = = Fit2 fooaoo
Bt e it IEETE - T8 B
085 [~ " T Forrrnn I ARRL o Lo ennm [ R e T LR I
w o e oy o Lo ennm Frrnnm 1 rrinm e rrrm
Stabilized SOl AD 8 R E i W anuin & et haaton o st - a4 vt 3 5 oy
Orger = 1.07 MPa @ OOt i T B TSR it ™ 1 Ty i 23
o et oo S s e ] St
cs=0.54MPa g %7 S ome oL
e TR et . aiiner e | i s - Tiaion
o] SRR AR SR R L R U -
0.55 [~ 1= i Tami =171m P 1713 it T3 T 3 T 3 T = 1 3 7

I I I il I - ul

ofgrr COrresponds to the biaxial strength O
Gg corresponds to the calculated flexural

stress that leads to failure after 108 cycles -0910(Nrai)

b) 1 ryrem roerremm Yy rrrrm Yy rrrrm LR RALLL] BB ERALL ] T rrymm rrrymm

ngall e L vin 6 hanin Loy et u Gl i giiel D et

l‘-“-""ll-lll 1 r ARl 1 1 LLrnEn 1 1 LLrten 1] 1 Lisren 1] 1 L ] 1] IR RN ] 1 rrnen
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Design of the capping layer

0.7
e
0%

05 | v 2004 Computed stresses at the bottom of the

A /30 oy capping layer are presented with a semi-
0.4 £ logarithmic scale.

/ /;3/ 40 S04 The x-axis is the moduli of the stabilized
L /z/ /?,@ff“-‘fl capping layer and y-axis is the maximum
' / / ] biaxial tensile stress o1 located at the
8 / — T bottom of this layer.
© 0.2 / //E [ |
: e % %
%/ - Ballast -
/ e
Conming laver The mechanical properties of AD and ASE
o fi 7 are good enough, i.e. performances better
o - - e —— [ than the ones for a thickness of 20 cm
0.09 5 Track bed -
. 1 I
0.0?000 2000 3000 4000 5000 6000 7000 8000 9000 1000C

E (GPa)
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Conclusions

a The BFT is a relevant procedure to study the mechanical fatigue of stabilized
soils used in the capping layers of HSR infrastructures.

a Fatigue performances under biaxial flexion were determined for two stabilized
soils. Numerical modeling of the HSR structure confirms that, at the laboratory
scale, stabilized soils can be considered for a use in HSR capping layers.
Results are very promising even if safety coefficients are used in design
procedure. Nevertheless, results should be considered cautiously because
they stay at the laboratory scale and real behavior in the field must be studied.

a Several environmental friendly solutions are conceivable to rationalize the
costs of the structures, rationalize the global thickness of the structure and the
nature of the used materials, consider the use of stabilized soils in other
layers of the HSR structure (e.g. sub-layer), optimize the use of hydraulic
binders (amount, type,...) and enhance constructive applications (compaction
rate, materials...) .
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Effect of the solil’s suction history on the small strain behavior
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Suction history : wetting and drying

e Climate change and earth structures

 most earth structures experience changes in hydraulic behaviour owing to the climatic changes
(i.e. rainfall or extended periods of drought),
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Suction history: wetting/drying cycles

Water content
thwaite I:de;x::; mate - bl
B
B2
B2 .ol TR, . M09 TEmmmmmemmmtE N
g Wet season

Depth

i

Austroads (2000)

The effect of suction history on GO (Ng et al., 2012 and Heitor et al., 2014) :
hydraulic cycles,
recent suction history
the current suction ratio (CSR) with CSR =

5

current
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Materials

e Silty sand (SP-SC 89% sand and 11% fines)
* LL=25.5% and PI=10and G, = 2.7

e Specimens compacted J50x100mm mould

21 <1 . : . ; . ; 100 . T . - .
—~ 1 ) g © Wetting-drying tests 1 90 van Genucten interpolation .
A | e : . =) 1 O Pressueplaerests |
% 20 S \\\Q& 5. - Line of optima Q\/ 80—_ A As o condition
=< ol e “ .H-C) & 70-
= |7 el 5 60
‘s 4 - — .
gl Lo =7 T T T’ 50-
L - -~ 1 ’ﬁ' - . -}4.\“ D 4
= e s P I w40
= 174 ’ / . —ee=E=1545 kKJ/nx ~- 1
5 ' % s E=242 7100 5 3
T 8 0] S _=1625%
E 4 — , E- . ----E=5205kI/m’ - §, e
/ | E—8384kTm’ a 9 ]
| _———— 5 . m 0 J
]-5 T T T T I T T T T T 1 T AL | T LA | T L T AL | T T
8 1 12 1 16 18 1
YWater content, Wf%) 10 10 10 10 10 10°

Heitor, Indraratna and Rujikiatkamjorn (2012) Aus. Geomech. J. (47) 2, 79- 86
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Testing program

Water content

e Effective net stress applied of 50kPa =~ Hs HI KT

Wet season

e Role of suction history (wetting and drying)
e 2 specimens (= 48-60 hours equilibrium =2 months)

e Suction increments of 50kPa (0.16kPa/min)
e E,=529.5kJ/m3 (equivalent to standard Proctor level)

Depth

e BE Testing for every suction level at different frequencies (1.4, 2, 3, 5, 10, 20 and 50
kHz) =230 signals
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Control of suction : Axis translation technique

e  Suction was incremented in 50kPa interval
e Rate of increase = 0.16kPa/min and kept constant until the end of the equilibration period

Equilibrium

wetjcing

| Equilibrium .

"5 10 15 20 25 30 3B 40 45 50 55 60
Time, t (h)
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h‘it

_- [——Receiver-Bender
; Transmitter -Extender
Al S-wave
—1—— P-wave
i B [~ Soil specimen
i F——Latex membrane

Transmitter -Bender
Receiver-Extender
O-rings and bottom
pedestal

Electrical
wiring

Heitor, Indraratna and Rujikiatkamjorn (2015) Geotechnique Vol. 65 (9), pp. 717-727
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Wetting and Drying tests

- A

(u-u,) =25kPa, L /A=3.0;
(u-u,) =50kPa, L /A=2.9

* Travel time evaluation methods:
e Time domain : visual picking

e 1stbump maximum (L,/A>2) 2: 3 . ! e :'?
-IO tt . _ TS 3 (u-u,) =100kPa, L /A=2.97 i}
e , 1starrival, peaks, throughs, multiple reflections = m;
Frequency domain : = 4 Rk
e Cross-correlation % 3 (u-u,) =150kPa L /A=2.9 1
* FFT -g - 1 1 . 1 . 1 . - Sn‘a(
* Wavelets § 2 (u-u) =100kPa L /A=343 ¢4
<
=

e 7 points and phase delay

(U-U,) =50kPa, L /A=3.71 .

1* f)ryl ng

(U-U,) =25kPa, L /A=3.81

04 0.6 0.8 1.0
Time, t (IMs)
Heitor, Indraratna and Rujikiatkamjorn (2015) Geotechnique Vol. 65 (9), pp. 717-727

o) AL LML LA
o
N

e ANONMANONAANONAANONAANONAANONAANONS
. T T[T TTTRET [T TR T[T L L TTT T[T TTTET [T T[T T
- - - A% - % - % - -
? 111 11 adl 1l 111 111 1 1

Protruding 3mm
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Hydraulic cycles

D rasrasndged@Taa)
_ (0.79) (0.76)
Hysteress  (0.80) ©s) _=0-=0
a00] arpitie o - - - - - 708 _ 4099007 -
Plopde (0'81% o oé) -
v Q=" .
O&o—""") (087 o

'(0.89)
¥ cyde

s

—o— 1% drying-wetting cyde (s =300kPa)
- -o- - 2% drying-wetting cyde (s, =300kPa)|

3

Smdll dran shear modulus, G, (MPa)
2

" 100
Suction, s (kPa)

o
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Recent suction history
0 (vduesrefer todegrecof sturetion) ™~
(0.78) (0.76)
080 07 _o-0
- O o _
300 08l) ey 079
o—° o (&)
08— (087)
Hysteresis f(o %) (0.88) 0.85)
a;rplltude A — il
| Tode ! (089)

—=— 1% drying-wetting cyde(s :150kPa)_
—o— 17 drying-weitting c,yde(s —300kPa)

Smd| gtrain shear modulus, G, (MPa)
4

10 T 0
Quction, s(kPa)
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Current stress ratio

« effect of suction stress history at the different CSR’s on G, the data normalised by the current stress

state (p’)
5 I I I I I I I I I I I (b)
- - N - -
GO — Af (e) (p ua) (ua uW)Sr 4 |
Gref | pr | € SI’TEX
—
, z s -
P [o P
~~
Heitor, Indraratna and Rujikiatkamjorn (2013) CGJ 50 (2): 179-188 (DO 4 S _mpa Sm:15G<Pél
24 0 4 = 1Fweting -
S, s _=300kPa
CIR=—"— o 1%weting |
Scurrer]t 1I ' I ' I ' I ' I ' I ' I ' I ' I i I i I i I i
1 2 3 4 5 6 v 8 9 10 11 12 13
CR(s_ /s, )
current

Heitor, Indraratna and Rujikiatkamjorn (2015) Geotechnique Vol. 65 (9), pp. 717-727
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Conclusmns

Larger values of G,correspond to the wetting paths and this difference was associated
. with the water retention properties and soil microstructure

The hydraulic cycles influence on the amplitude of the hysteretic response
. observed in a cycle of wetting and drying

. The CSR influence however seems to be intimate related to the stress state
<% represented by current suction and degree of saturation

CSR appears to control the G, to some extent but the number of hydraulic cycles
contributes to an increase in G, for the same CSR

The geomechanical behaviour of earth structures exposed to changes in hydraulic
regimes is dynamic and dependent on its suction history
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1. Introduction

Stiffness and lateral resistance of the track

Fig. 1- Lateral behaviour of the track. Kish (2011)

Limit Resistance
|

Applied Load (lbs)

area under study
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2. Methods

Pegasus

E A
Developed by Varandas (2013)
(tension) (compression)
e Matlab program o (8"
1 7
e Linear (Hook’s Law) and non-linear (K-6) Emin , B Ka
\ g ' o
. : h-
ballast behaviour 0 G
* Non-linear contact betwen the sleepers and Fig.2 - The E,-0 relationship . From Varandas (2013)

the ballast (Penalty formulation)
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2. Methods

Model

Fv F.
"-F.Fh Fn —>
3 1 6
02r 5 i
z(m) O 4 2
-0.2
3 -2 -1 0 1 2 3
y (m)
Fig.3 - Elemets in study Fig.4- Geometry
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Vertical Load influence

GEO-INSTITUTE i BT

@ | ooem ﬁ

W | oenes
et}

Ty

Rll‘l'(iliRS

-

i | owen
AT

Soil layer1: Soil foundation : F, F, K, [kN/mm] K, [kN/mm]
Test 3 3 F,/F,
E[mPa] -v- p[t/m’] E[mPa]-v-p[t/m°] [kN] [kN]
Non Linear Linear Nonlinear Linear

D1 200-0,35-1,8 150-0,35-1,8 1 8 8,00 68,9 - 68,1 -

D2 200-0,35-1,8 150-0,35-1,8 0 8 inf 71,4 178,1 0,0 0,0

D3 200-0,35-1,8 150-0,35-1,8 -1 8 8,00 74,0 177,6 144,7 222,6

D4 200-0,35-1,8 150-0,35-1,8 -8 8 1,00 89,8 177,8 110,3 264,0

D5 200-0,35-1,8 150-0,35-1,8 -10 8 0,80 93,5 177,9 111,4 265,4

D6 200-0,35-1,8 150-0,35-1,8 -16 8 0,50 103,1 178,1 114,8 267,5

D7 200-0,35-1,8 150-0,35-1,8 -24 8 0,33 103,1 178,3 119,1 268,7

D8 200-0,35-1,8 150-0,35-1,8 -40 8 0,20 129,1 - 125,7 -
D10 200-0,35-1,8 150-0,35-1,8 -60 8 0,13 143,8 - 131,7 -
D11 200-0,35-1,8 150-0,35-1,8 -75 8 0,11 152,8 - 135,2 -
D12 200-0,35-1,8 150-0,35-1,8 -100 8 0,08 165,5 - 140,0 -
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3. Results

Vertical Load influence — Stifiness : Ki=2F/(U; ¢ng=Ui initiar)

Linear Nonlinear
180 -
2 — & o 1800s9
160,0 - _
y =-0,0186x+ 177,77 140,0 - |
R?=0,5125 120,0 - g _
1000 @ € E _
80,0 7 }E‘ i y =-0,0073x2-1,6291x + 73,757 80
60,0 - =X s R? = 0,9899 60 |
400 | X o
20,0 - 20 |
0N
| | | o, | | | o |
-30 -20 -10 0 149 95 6 .

FRlkN] F,[kN]
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3. Results

Vertical Load influence : p-q

Linear Nonlinear

120 7
,
’
.
- 100 L 4 ’ “‘\\’.\\«'
—D1
7 —D2
—D3
| --D4
-=D5
- -Dé6
_g§ | —D7
- -D4 ==D8§
-=D5 | LS e DlO
- D6 a0 ApnlL  Glesrss Dll
—_D7 g e e D12
‘ T Failury line | r = Failury line
20 25 30 80 100 120
plkPa] plkPa]
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3. Results

Soil Foudation influence

K, [kN/mm] K, [kN/mm]
Soil layer 1: Soil foundation :
Test E[mPal - v - p[t/m?] E[mPa] - v - p[t/m’] F, [kN]  F, [kN] Non Non

Linear Linear Linear Linear
A9 200-0,35-1,8 20 -0,45- 2 -75 25 83,6 161,7 110,2 227,2
B9 200-0,35-1,8 60 -0,3-2 -75 25 121,9 91,8 169,0 105,4
Co 200-0,35-1,8 100-0,3-1,68 -75 25 140,1 189,7 232,8 292,8
D9 200-0,35-1,8 150-0,35-1,8 -75 25 152,0 208,2 269,5 341,9
E9 200-0,35-1,8 200-0,35-2 -75 25 159,6 138,5 301,4 164,7
F9 200-0,35-1,8 300-0,3-2,04 -75 25 169,7 178,9 338,2 265,9
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3. Results

Soil Foudation influence : u,

Linear Nonlinear
) —A9
0;6 Bg 0,70 n
05 1 0,60 - —A9
04 —C9 0,50 - _Eg
€ 03 - -
% . Z D9 £ 0,40 - Do
=0, g % 0,30 - — 9
0,1 - S 0,20 -
—F9 ’ —F
0,0 | T T T T | 0,10 n
0,100 01 02 03 04 05 06 0,00 | | |
t[s] -0,10 O 0,2 0,4 0,6
t[s]
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3. Results

Soil Foudation influence : u,

Linear Nonlinear
0,00 T T T T 1 A9 0,0 T T 1
0, 04 05 0,6 89 (Nz 0,4 0,6
_0}50 B _1I0 _\
— — —20 — _Ag
E '1,00 1 _Dg E !
£ = —B9
51,50 - —E9 s' 3,0 —9
—F9 40 - —D9
-2,00 - ——F9
5,0 - —F9
2,50 - t[s]

t[s]
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Test D9 — comparison between the linear model and the nonlinear

Displacements
05 T T T T T
T 0 UPPCTC --u Linear il
,§, —u_ Linear
N z
S .
5 05 ---u NonI!near .
g —u, Nonlinear
> 1+ ]
=
_1 .5 | | | | |
0 0.1 0.2 0.3 0.4 0.5 0.6

{[s]
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Test D9 — comparison between the linear model and the nonlinear

Stress
o, Linear o, Nonlinear
0.3 1H° 0.3 o
-20 -20
_ 02 11140 _ 02y 11440
E E
N 0.1F -+ | -60 ‘N 0.1 1 |-60
-80 -80
0 0
-100 -100
-0.1 1120 0.1 -120
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Influence of the lateral sleeper-ballast interaction, K_,, on the
stress distribution in the ballast

Testl Test2 Test3 Test4 Test5 Testb6 Test7/
K n[kN/m?] 0  1x10* 1x10* 1x10° 1x10° 5x10° 1x10’
F,[kN] -75 -75 -75 -75 -75 -75 -75
Fy[kN] 0 0 0 0 0 0 0
Foudation soil D D D D D D D
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. Results

Influence of the lateral sleeper-ballast interaction on the stress
distribution in the ballast -o,

0 ‘ 0 —Teste 1
—Teste 1 —Teste 2
—Teste 2 =20 —Teste 3 i
= 0 —Teste 3 i = - - Teste 4 m
g - -Teste 4 g 40 - - -Teste 5 . D)
N - -Teste 5 N - -Teste 6 3
S i )
-100 - - -Teste 6 N —Teste 7 i
-60 w
S — - - A— h
-150 : : : : ‘ -80 w w \ ‘ ‘
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5 0.6
1ol tI<l
—Teste 1 | —Teste 1
—Teste 2 7 —Teste 2
—Teste 3 —Teste 3 |
--Teste 4 ) - -Teste 4
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3. Results

Influence of the lateral sleeper-ballast interaction on the stress
distribution in the ballast -0,

—Teste 1
—Teste 2
—Teste 3 |
] - -Teste 4
- -Teste 5 E
------------------------------- - =Teste 6 ®
— S S 1 NS —Teste? | 3
g
L 0 0.1 0.2 0.3 0.4 0.5 0.6 0‘3 0‘ 1 0‘ 5 0.6
t[s] e . . .
;Teste 1 0
—Teste2 |
—Teste 3 -20 7
--Teste4 | = Mm
—Teste2 \ . oo -
< : :?Ste g 'i—j' -40 - —Teste 3 7 ®
QE) —TZ::: 7 i & --Tested N\~~~ TTTTTTTTTTTTTTTTmTTTTTTTTT 3
o N y 60F--Teste 5 4 )]
________________________________ --Teste 6
| | | _80 _TeSte 7\ Il | | |
0.3 04 0.5 0.6 0 0.1 0.2 03 04 0.5 0.6
ol tfs]



: rd - SIMISG [ 1SSMGE GEO-INSTITUTE PR wnmssumgstan RUTGERS
16,5 ;@J;&m ﬁ oo

j| 04-07 September 2016, Guimaraes, Portugal v i

4. Conclusions

Conclusions

* Load study — It was possible to obtain vertical load (F,) - lateral stiffness (K ) relation.
For higher Fy/FZ relation, the graph p-q lies above the failure line .

e Soil foundation study — As expected, it was observed that the higher the Young
modulus of the soil the higher the lateral stiffness .

* Influence of the lateral sleeper-ballast interaction on the stress distribution in the
ballast — It is noted that the parameter K_, has a non negligible influence on the
stresse distribution inside the ballast layer, therefore denoting the importance of a
care representation of this friction interface in studies focused on the granular layers
of the track .
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Thank you for your
attention

Universidade Nova de Lisboa-Faculdade de Ciéncias e Tecnologias, Lisboa, Portugal
Jeniffer costa Barreto - jc.barreto@campus.fct.unl.pt
José Varandas - jnsf@fct.unl.pt



L 3+ ICTG 2016 - G -

8 04-07 September 2016, Guimaraes, Portugal niverity of 0

G €
® §

Monitoring track defects in
ballasted high speed railways

David Milnel, Louis Le Pen?! ,David Thompsont,
Willaim Powriel

1. Faculty of Engineering and the Environment,
University of Southampton

Southampton EPSRC

and skills
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Monitoring Systems
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MEMS Accelerometers T

* Very low cost acceleration transducer EN
;E: 1__0-0 %j_%sn !%'w’é RC I-llh.r

® RObUSt g oxf ﬁ«??fﬁ.y!

e Data agrees with geophones

Frequency (Hz)

e Enableslong term monitoring
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Example data
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Data interpretation

e Long term trackside monitoring produces lots of data
* Not feasible to analyse every time history

e Desirable to characterise each passage automatically
e Displacement and Track modulus

e Can a model help?
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Characterising Displacement

o .é. 05 b l I I—."r'li:;L'\urcd-HlL'Ler_
e At rest position lost by g I U SO G SO
filtering data 2 |
e Want downwards 5 asf e “

=

displacement

Time(s)
e Match analytical model of g | =
railway track by inspection £
or by algorithm E, i 1
2 _
l , .

Time (s)
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Characterising Support l

e Characterise support $$$$$%$$$

e Track Modulus: Supporting force per unit length of rail
 Typically calculated using load-deflection relationships

e Load uncertain
» Capacity

120 125 130
Axle Load (kN)
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Characterising Support

* A different approach!

 Fit a model of track behaviour in the frequency domain

e Le Pen, L., Milne, D., Thompson, D. & Powrie, W. (2016) Evaluating
railway track support stiffness from trackside measurements in the
absence of wheel load data. Canadian Geotechnical Journal.

e Utilise properties of the Fourier transform for:
e lineside measurements (deflection, velocity or acceleration)
e track model
e train loads
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Obtaining track modulus
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summary

e Track defects are a problem
 Want to understand accelerated deterioration and effect of maintenance

* Monitoring provides the necessary type of evidence
e Larger longer term deployments are possible with low cost instrumentation

e Large quantities of data need to be processed by algorithm
e Displacement and track support modulus

 Methods allow us to track changes in performance and evaluate
track performance

| 3 rd I c I G 2 o 1 6 f E P @ SEINSTITOTE o T
1 - - I - - =

RUTGERS



M. 3 ICTG 2016

8 04-07 September 2016, Guimaraes, Portugal Universit

)
=

G €
® &

Trend of Research for Transportation Geotechnics in Japan
(TC202 Japanese Local Task Force Committee Activity)

Takahisa Nakamura?

1. Railway Technical Research Institute, Tokyo, Japan
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Terms of Reference for TC202

[TC202]

Technical Committee 202 (formerly TC-3) of the ISSMGE

[Goal]

To apply broad engineering to bridge the gap between Pavement/Railway Engineering and Geotechnical

Engineering.

[Main task]

To promote co-operation and exchange of information and knowledge about the geotechnical aspectsin design,
construction, maintenance, monitoring and upgrading of roads, railways and airfields.

[Main members (2013~) ]
TC Chair : Prof. Erol Tutumluer (USA)
TC Secretary : Prof. Tatsuya I shikawa (Japan)
efc.
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Research Interest

» Geotechnics for pavement, rail track and airfield

o Geomaterial, including nontraditional materials

o Asphalt mixtures and hydraulically-bound materials
« Earthworks for transportation facilities

« Application of geosynthetics

e Laboratory testing and in-situ testing

e Modeling and numerical simulations
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Papers survey

Survey research items and the number of survey papers

The Number
Subject Special
Keyword
Document
1 |Study fot the standardization of the materials properties test method of roadbed and roadbed materials 47 169
2 |Evaluation method of soundness and seismic performance for structure of transportation and ground 112 431
F
3 |Preparation of the structure analysis technique to establish the performance based design of the traffic ground structure 43 147

Survey research items and number of survey documents

Title Year Total
number
Japan National Conference on Geotechnical Engineering 2011-2015| 5552
ANNUAL CONFERENCE OF THE JAPAN SOCIETY OF CIVIL ENGINEERS 2011-2015] 15666
Journal of Japan Society of Civil Engineers, Ser. C (Geosphere Engineering) 2011-2015 190
Journal of Japan Society of Civil Engineers, Ser. A2 (Applied Mechanics (AM)) 2011-2015| 452
Journal of Japan Society of Civil Engineers, Ser. E1 (Pavement Engineering) 2011-2015 128
Another Japan Domestic National Conference — 573
Total 22561
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Classification Summary

[Subjectl] Studiesregarding the standardization of the material property test methods
for subgrade and roadbed materials

3%

1.Structure/ Material

2.Test types/ Test apparatus

3.Physical characteristic

4 .Characteristics of strength and deformation
5.Seepage characteristic

6.Thermal characteristic

7.Modeling/ Analysis

8.Design/ Evalution

9.Etc




[ Major research paper(1)]

Application of Triaxial Apparatus for Unsaturated Soils to Mechanical Behavior

of Granular Base Course Material.

Dial Gauge

Load Cell |
Cap ——

Specimen
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| _LvDT
1 twvot
“| - Gap Sensors
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Classification Summary

[Subject2] Evaluation method of soundness and seismic performance for transportation
earth structure

1.Structure/ Material

2.Test types/ Test apparatus
& 3.Physical characteristic

2% 4 .Characteristics of strength and deformation

5.Seepage characteristic

1% 6.Thermal characteristic

7.Modeling/ Analysis

8.Design/ Evalution

9.Etc
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[ Major research paper@] A Study on evaluation of Pavement Soundness Using Mobil Deflection Measuring Device
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Classification Summary

[Subject3] Structure analysis methods to establish the performance based design
method for transportation earth structures

o% 1S Material

11% 250 Structure/ Materia
2.Test types/ Test apparatus
3.Physical characteristic

49 4.Characteristics of strength and deformation

0
24% 194 5.Seepage characteristic
0
6.Thermal characteristic
4% 2 16% 7.Modeling/ Analysis
8.Design/ Evalution

9.Etc



3« ICTG 2016 EXd (5 %

04-07 September 2016, Guimaraes, Portugal v mine

(N S

R
24m 24m 24m 8m 8m 24m O 5— 2 > % e 55 60
& > 2 T £ 573 i b ; 1.0
< > < > < ‘\ >< / -0: T T T [ PR RERE o
| Ty a il CBT: 082 4y
4 4 )IK\J [ ‘._"' o
R
/’\ ZF— A 8m e o ;&J = | 0,4% &
. . ] o ridge pier . : : B : e
Rigid frame viaduct: At.jjl.Jstment girder: O\./e_r bridge: 60 Sy : 8 JDi”I:t —ﬁlso
. . P E oS I 220,235 £ ! f -— L [E A ah  — ] —
Rigid beam element Rigid beam element Rigid beam element 2 sk W e '2\ AN 20337 b 0126 —d100 £
E | EE!}J o o a = ‘1 £
S ol DEPd? oo n?t‘ © & % 0 gel ' o Q;‘j 50 i
S 5 0 309 oo T m
— £ e Oromo 08 eRehom - :
60 : , y A it
i?— e i ! ) . .4:FSH§'|‘:E0.3T'L' A FliEun
& < 70.23F BREMI021F S p
Ground EE’E 40
surface ‘{,:\tﬁ g 3 b:h—*i],“;‘i.‘-'—.ﬂ.!?fﬁ —
. -
(particle) ) £ A 84,4
=
e L T R T 4000 5000 6000 7000 8000
Input acceleration Pier ( horizontal, rotation): non-linear element 0 1000 Sk 2000 B (m)
Maximum ground surface speed(kine) Maximum ground surface speed(kine)
_ 0 100 200 T 0 50 100 150 200 250
mxlO L T T T 301.05""|f"'|""1 T T T
3 & TR O Fe KA :449gal . S P B0 TCI O i KAEEE 870gal
w5 WBED Ss | AELfi(mm) 3
L% HREZI(mm) i £ O
E Y=
Y 4o 2 o C
5 %05
> 2 i ZE
=5 i 59
58 g
-8 S 0.0 EERES AR 9] UQ',
s % 0 500 1000 & © g
Maximum ground surface acceleration (gal) Maximum ground surface acceleration (gal)

L2 Earthquake Motion of Spectorl L2 Earthquake Motion of Spector2




IM 3 ICTG 2016

04-07 September 2016, Guimaraes, Portugal

e | oanc i | e

W | S icueros W | ccovencs

o = | aicnars
et}

Conclusions

 We surveyed the Japanese latest study trend for Transportation Geotechnics based
on the papers relating the scientific research subjects of TC202 Japanese Task Force
Committee.

e Moreover, we have systematized each keyword and analyzed it to survey the study
contents of the papers relating to the respective subjects.

 We will arrange keywords for every classification of each subject and analyze the
latest study trend for transportation geotechnics engineering in detail and will create
an environment to send the relative information to all the civil engineers concerned.
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Thank you very much
for your kind attention
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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
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What are critical velocity effects...
—  BO -
£ | |
E a0 - f a7 | e E ive track and d
- | o | xcessive track and groun
% 00 (O ==t—@ — =0 T ] movement and vibration beneath
€ 40 o — | train passage
4
§ 80 + —-—u — 1
T 10 ' i Downward | e Speed of onset of extreme
S |
€ [T T ®T T Umad | movement named ‘critical
> W1 1| speed/velocity’
0 50 100 150 200 250

Train Speed (km/h)

Madshus and Kaynia, 2000
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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 -
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e Rayleigh wave = combination of Pand S

Compressional or P Wave
Pamcﬁ/ Motion waves

=gt
=t
S

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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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
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~ 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
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Site Momtormg A

©Uni.Southampton

Measured vertical displacement
(mm)
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Train Speed (ms™ )
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~ 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.

.31 ICTG 2016 = G e

RUTGERS



i d T - S e @GEO-INSTITUTE Bl mamagny  RUTGERS
: r I j& ﬁ roen ﬁ st
# , D Tl @

[ 04-07 September 2016, Guimaraes, Portugal Ui o

Thankyou for listening!
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Motivation & Goals

Use of data mining tools for slope

condition state identification

______ | _— —_— _— 1 r —_— L] _— —_— L |
| Develop a slope | : I
: classification system | I 00 |
___________ I L e e =

v' Based on advanced statistical analysis;

v' Use of standard information usually collected
during routine inspections;

AN

Label each slope into a pre-defined set of classes;

<

Applicable during the slope exploitation phase.
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Data characterization

8954
v'  Slope data kindly made
L available by UK NetworkRail,
v' Very unbiased data! 2> 60% of
g the slopes are classified as A;
g v' More than 100 variables were
5 considered as model inputs:
4174
* Slope geometry;
e Existence of trees;
o * Animal activity;
1700 e Ground cover,;
*  Number of dangerous trees;
e  Root balls locations;
135 hd
0
IA B IDE

c
EHC - Earthwork Hazard Category
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Metrics (model assessment)

Metrics:
v' CE - classification error [0% ; 100%] (lower is better);
v' Average Utility Score (AUS) [-Inf ; 1] (higher is better);
v" Recall and Precision [0 ; 100%] (higher is better);
v' Fl-score — trade-off between recall and precision [0 ; 100%)]

(higher is better)

Cost benefits matrix (cbm):

Obs/Pred A B C DE
A 1 -4 -8 -16

-2 1 -4 -8

C -4 -2 1 -4

DE -8 -4 -2 1
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Methodology

Modeling strategies:

v" Nominal classification;

v' Regression approach;

Unbalance data approaches:

v' SMOTE - Synthetic Minority Over-sampling Technique : creates 'new data' by
looking at nearest neighbors to establish a neighborhood and then sampling
from within that neighborhood. It operates on the assumptions that the
original data is similar because of proximity;

v OVERSAMPLING - randomly adds samples (with repetition) of the minority
classes to the training data, such that the final training set is balanced;
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Nominal classification (metrics)

Approach: . Normal . SMOTEd  OVERed
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5
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25
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Recall Precision F1-score Recall Precision F1-score
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Regression (metrics)

Approach: . Normdl SMOTEd

100 o280 95 9279 %044 905
75
50

25

100

75 6803 7062

63.17 63.68

7165 70,05 ° '
55 5727
43.05 4547 0O

100

50

25

-§

Metric value

100

75

50

25

(s

100

75

55.8
50 48.74

25

0 0.52 1.03
I I I I I

Recall Precision F1-score Recal Precision F1-score
Metric
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Classification vs Regression (AUS comparison)

Approach: . Normal . SMOTEd ~ OVERed

Classification Regression
0.3 0.3
0.26 0.26
0.23
0.19 0.21
6.0
3
< 0.4
-0.8
1.17
1.2
1 1 1 1
ANN SVM ANN SVM

Algorithm
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Classification performance

ANN :: Normd - Nomind Classification ANN :: OVERed - Nomind Classification
1.00
6.75
& &
= EHC predicted = EHC predicted
> >
g B g B
L 650 [ [ = B
e e
DE DE
6.25
0.00 I E—
I/—\ IB IC IDE A B C DE

EHC Experimental EHC Experimental
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Regression performance

ANN :: SMOTEd - Regression [1-2-4-10] SVM :: SMOTEd - Regression [1-2-4-10]

1.00 1.00

0.75 0.75
3 o)
5 EHC Predicted = EHC Predicted
=) S
g P g -
L es0 B L 650 | B

. c . c
DE DE
0.25 0.25
0.00 —— 0.00
A B c DE A B c DE

EHC Experimental EHC Experimental
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Final Remarks

v" Although some lacks of accuracy, interesting results were achieved;
=  Good prediction for classes A and B;

= Records of classes C and DE (highest probability of failure) when not correctly predicted are classified as

belong to the closest class;
It is important to assure that the defined EHC class is realistic 2 compare failure records database;
Work on models accuracy improvement:
=  Feature selection techniques;

=  Optimization techniques.
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