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General report TC202: transport geotechnics

Abstract

Today's needs of urban transportation including roads, railways, airports and harbours demand significant
resources for infrastructure development in view of rapid and efficient public and commercial (freight)
services. In most cases, authorities have had difficulties in meeting these service demands due to the
rapidly growing public, industrial, mining and agricultural sectors in many parts of the world. In order to
maximise efficiency and to reduce the costs of maintenance, sound technical knowledge is required. This
general report presents major technical advancements around hte glob encompassing 33 articles from
19 countries and it is classified into 6 key categories, namely: compaction and subgrade improvement,
laboratory testing, theoretical advancements and contributions to design, applications of geoysynthetics,
numerical modelling and field performance evaluation.
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General Report TC202
Transportation Geotechnics

Rapport général du TC202
Géotechnique pour les infrastructures de transport
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ABSTRACT: Today's needs of urban transportation including roads, milways, airports and harbours demand significant resources for
infrastructure development in view of rapid and efficient public and commercial (freight) services. In most cases, suthorities have had
difficulties in meeting these service demands due o the mapidly growing public, industrial, mining and agricultural sectors in many
pants of the world. In order to maximise efficiency and to reduce the costs of maintenance, sound technical knowledge is required.
This general report presents major technical advancements around the globe encompassing 33 articles from 19 countries and it is
clasgified inio 6 key categories, namely: compaction and subgrade improvement, laboratory testing, theoretical advancements and
contributions io design, applications of geogynthetics, numerical modelling and field performance evaluation.

KEYWORDS: urban transportaticn, compaction, design, geosynthetics.

RESUME : De nos jours, les besoins en transports urbains (routes, chemins de fer, séroports aériens et maritimes) nécessitent
d’importantes ressources pour le développement des infrastructures en vue d'essurer des services commerciaux rapides et efficaces.
Dans 1a plupart des cas, en raison de la aroissance rapide des secteurs public, industriel, minier et agricole, les autorités se brouvent
confrontées 3 des difficultds pour atteindre les services escomptés. Un savoir technique est alors nécessaire en vue de maximizer
Vefficacité et de réduire le coflt d’entretien. Le présent rapport général expose les avancées techniques majenres & travers le monde
synthétisant 33 erticles émanant de 19 pays ; six thdmes clés sont classés : compactage et amélioration des essises, expérimentation en
leboratoire, développements théoriques et coniributions au dimensionnement, epplications des gfosynthétiques, modélisations
mmériques et Evaluation des performances sur le terrain,

Mots clés : Transports urbains, compactage, dimensionnement, gosynthétiques.

1 INTRODUCTION

Modes of trensportation including roads, railways, airports and
harbours demand the most essential infrastructure in

TC202 (Transportstion) of ISSMGE fosters the relevant
challenges through &an active cohort of intemnational
membership, and through an arrsy of meetings, workshops and
conferences disseminates the new ideas, technical concepts and

indusirialised countries. While elmost 90% of the population
depends on public trensport every dey in mamy deweloping
nations, in large developed couniries such as Australia, the
mining and agricultural sectors almost entirely depend on the
efficient roads and rail services. Geotechnical aspects of
infrastructure design and construction play an important role
and face key challenges in optimising the performance of road
pavements, rail tracks, runways and ports, as well as their
maintenance throughout their operational life cyc]:
Maximising efficiency with acceptable longevity and ensuring
the minimum cost of maintensnce requires sound technical
knowhow, implementation of new and eppropriate technologies
and effective edministration of stretegic public policies and
investments. In essence, the key phases of ransport geotechnics
can be primarily categorised to general soil and rock mechanics
applications in design, development of thecretical concepts and
analysin, construction innovations, challenges end in-sitn
quality control, ground improvement schemes including
compaciion and problematic soil remediation, field performance
monitoring and dats interpretation, techniques and
physical modelling, mumerical simulation for design and
performance verification, constitutive modelling of pavement
materials, comventional in-situ testing and non-destructive
techniques for foundetions, risk asscssment and failure

prediction, among other topics.

innovetive technologies to the wordwide geotechnical
community. The 18th ICSMGE (Paris) has ettracted ebout 33
articles from 19 couniries in the area of Transportation. These
papers cover the entire domain of transportation, but for the
purpose of this General Report, they can be predominantly
classified under the following 6 categories:

a) Compaction and subgrade improvement

b) Laeboratory testing

¢) Theoretical advancemenis and contributicns to design

d) Applications of geosynthetics

e) Numerical modelling

f) Field performance evaluation

2 COMPACTION AND SUBGRADE IMPROVEMENT FOR

TRANSPORT INFRASTRUCTURE
There are 5 articles included in this section. Two papers discuss
the salient espects related to the ication of novel i

in field compaction (Adam et al 2013, Kuo et al. 2013) while
one article focuses on the site evaluation of the compaction
quality using an array of different instruments {Conde et al
2013). Useful practical information related to the application of
ground improvement methods in a brown coal landfill site
(Xirstein et al. 2013) and laboratory characterization of cement
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reparted by Carreia et al, (2012), Carreia et al, (2007) and
Indrarstna et al. (2011).
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6 ANNEXURE - TABLE 2-7; SUMMARY OF ALL CONTRIBUTIONS IN DISCUSSION SESSION
Table 2. Compaction and subgrade improvement for transport infragiructure

Title of Paper Authors Country Summary of Main Contribution
Five years of Impact Compaction Adam D, Austria The impact compaction methods are more efficient if greater deptha of
in Exrope - successful  Peulmichl I, densification are of interest.
1mp emet otl;]of. & uml | on Fall F(I:' aod Koy nspects related to the epplication of impact compaetion such as the
ﬁ ]I tnl research and field - surface veloeity, weigh end number pesses are analyzed both in
et mumerical simulations and field cases studies. The results are compared
and compaction efficiency is also linked to the type of soil.
Asacaning the Effectiveness of Kuo Y.L, Jaksa Australia The cfficiency of rolling dynamic compaction (RDC) is examined by
Rolling Dynamic Compaction MB., Secott B.T,, means of & combinatian of field studies and mumerical modeling
P CN &SI: RDC is more effective for deptha between 0.8 m to 3.0 m and the most
AC am:lq Tiang significant factors governing its eficiency are soil echesion, Prisson’s
J.H.' ratio and shear modulua, as well as the width and mass of the RDC
module.
Applicability of the Geogauge, P- Conde M. C, Portugnl The feasibility of a stiffness-based specification for embankment aoil
FWD and DCP for compaction Lopes M. G, compaction quality control is discussed.
L BiléSm]I'm and DCP equipment showed greaier suitability as a compaction cantrol
’ tool, due Lo the strong negetive carrelation with water content values.
Ground improvement methods for Kimiein J. F, Germeny The design and the setilemenis are significanily optimized by the
the construction of the federal road ~ Ahner C., combination of different soil improvement lechniques, particularly in
B 176 on 2 new ¢levated dump in = Uhlemann s, caacd where significant stability problems are expested.
the brown coal region of MIBRAG Uhllr.hK- P. end The settl ictions by Fiite ¢ el 1 well the
resulis ebtained with in situ pressuremeter tesis.
Labamulory characierization and Vimne da Fonseca Portugul The differences observed in dynamic end static stiffness properties and
model calibration of a cemented A, Rioa 8, shear strength paremeters of compected mixtures of cement and
eggregate  for  application in  Domingueda AM., limestone aggrepate ere direetly associsted to the varistion of
transportation infrastructures Sive A,  end parosity/cement ratio.
Fortunsto E. . .
Handening soil models may be employed to desaribe the stress-strain
behavior, but do nol provide satisfactory predictions of the volumetric
behavior and post-peak strain softening.
Tahle 3. Laboratory Teating
Titls of Paper Authorg Country Summary of Main Contribytion
Railways platforms reinforced by Calon N., Robinet France Investigated the potential benefits from the ground reinforcememt by
soil-mixing columns without track A., Costa S, vertical scil-cement columns
. D’ Agui
femoving Cujm‘“Bc .:;n Perfarmed Isboratory teata to investigate the influence of the column
Mmm”,'_ ) location and the efficiency of peosynthetics on the reduction of stiff
With subsequent numerical model, (hey determined the optinmum
columns mesh
Efftcts of ballest thickness end tie- Haymno K., Ishii Jepan Conducted & series of cyelic loading tests on model grounds to
tamper repair on  setlement K and Mumamoto imvestigaie the effects of ballast thickness and tie-tanmper repair an the
characterigtica of mailway ballagted K. settlement characterigtica of ballasted tracks
tracks Maxitmum shear simain distributions generated in the model grounds
were analyzed with particle image velocimetry
Bifeci Evaluation of Froeze-Thaw Ishikaws T, Japan CHR tests of freeze-thawed subbese course materials under varions
an Deformatian-Strength Properties  Zhang Y. waler comtents, and the regilient modulus tests in unsaturaled condition
of Gramular Base Course Material Kawabata S., were conducted using two newly developed test apparating
in Pavement Kameyama 8.,
n Tokoro T. and The test results were compared with long-term field measurement at a
Ono T ) model pavement structure, inchuding FWD (esis
On the Permanent Deformation Mohanty B. and India Repeated load triaxial tests were conducted on reconstituted pand ash
Behavior of Rail Road Pond Ash Chandra S. specimens

Subgrade

Permanent deformation ealculations teke inlo sccount the siress higtory
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end mumber of passes of vehicular treffic losdingTest resulis were
enalyzed to stdy the effects of confining pressure, deviatoric stresses,
md degree of saturation an the permanent deformation respomse of
pond ash

Effect of wetting- drying cycles on
CER values of silty subgrade soil of
Kaeraj railway

Moayed BRZ., Iran
Lzhiji B, P, and
Daghigh Y.

Conducted series of CBR trsts t0 imvestigate the effeect of lime-
microgilica additive as B modemn additive stabilizer an a silty sail

Lime and microsilica were mixed with the soil in different percentages
end specimens were prepared st optinmun moisture content.

Model tests on settlemeni behaviour
of ballests subjected to sand
introgion and  tie  tamping
epplication

Kumara J. and
Hayano K.

Japan

Model teats were conducted on 1/5th acale of the setual size of railway
track

The relaticnship between the number of loading cycles and settlement
wes obtained end results were discusaed with degree of ballast fouling

Table 4. Thearetical Advancements and Contributions to Design

Title of Paper

Amthors Country

Summery of Main Contribution

Ewvelustion of roadbed potential
damage indueed by
swelling/shrinkage of the
subgrade

Simic D. Spain

The average suction compreasion index of the plade load lesta and the
routine soil parameters were adopted to cary out 8 comparison
betereen the methods of estimating swelling deformation.

The potential vertical rise method is very dependent on the active
meisture depth, which should be adopted based on the local experience.

Developmeni of a nonlincar
ballested railwey track model

Fermandes VA,
D'Aguiar 8. C,

Caballero F.

A 2D finile clomeni modsl with a modified witdth plme stmin
condition is used where viscous boundaries are implemented uging &
Kelvin-Voigt viacoelastic mechanical model to reduce wave reflexion
on boundaries.

The importance of initial state evolution of track materials on the
context of non-lincar mechanical behavior is discussed to assure the
comrect combination of laborgtory tests based on cuorent track
conditions, especially ballast,

Sciemic Retrofit Technique for
Asphalt Concrete Pavements

Ohte H., Ishigaki
T. and Tatta N.

Japen

The structore of the scimmic retrofit techmique for asphalt concrete
pavements using Confined-Reinforced Earth (CRE), construction
method and the results of full scale in-gitu tests were described where
crushed slones and new design procedures were introduced,

Full acale in-situ tests show the ecceptable performance of CRE after
the forced settlement to simulate the severe earthquake-induced
damage,

Influence of Anti-freezing on the
Frost Penetretion Depth for Paved
Road Design

Shin E.C., Cho
G.T. and Lee 1.5.

The frost penetration depth of peved road was determined by the field
measurement. The subbese end base courses are imfluenced by the
temperature below Oo regardless of anti-frost layer.

The frost penetration depth estimeted by the empirical equation
proposed by Koree Institute of Construction Technology shows &
similer irend in lower frost index.

The reasonable design concept is proposed for road design.

Special Aspeets for Building a
Molarwsy on & 185 m Deep
Dump

Vogt N,, Heyer D.,
Birle E., Vogt 8.,
Dehmen D,
Karcher C.,
Vinzelberg G. and
Eidam F.

The paper presents the project-specific conditions during the dumping
process end the propertica of the dumped doils along the future A 44
routing.

A simple model for the description of the time-dependent deformation
of the dump and the effectivencas of soil compaction methods is
discussed and evaluated.

The simulation resulis and geodetic measurements have shown that by
allowing the reating period of at least 6 montha between the end of the
dumping process and the start of the construction work, the settlements
of structures or pavements can be reduced significantly.

Bquilibrium models for arching in
basal reinforced piled

Hekelen 8J.M. and
Bezuijen A

Netherlands

The paper compares three equilibrium models describing arching in
peosynthetic basal reinforced (GR) piled embankments, namely the
models of Hewlett and Randolph (1988), Zaeake (2001) and the
concentric arches model of ¥an Eekelen (2013b).

The load distributions predicted by Hewlett and Randolph (1988) and
Zaeske (2001) show 8 yniform load distribution on the GR between the
piles. The concentric erches model (Van Bekelen et al. 2013b) provides
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8 load concentration on the GR sirips with en imverse triangular loed
distribution on those GR strips. This is in agreement with observations
in scaled model (ests, numerical anatysis and fisld measurements.

Recent developments in pavement Brown SJF. and  United Kingdom

foundation design

Thom N.H.

A Precision Unbound Materials Analyzer (simplified versicn of the
repeated load triaxial test) has been developed to quantify both resilient
Unlike CBR. testing, this technique can be very useful in allowing e
designer 10 evaluate altrmative foundation material combinations in

order 1o achieve a desired foundation,
Table 5. Applications of Geosynthetics
Title of Paper Aunthors Country Summary of Main Contributicn
Load transfer mechanisms in  Huckert A, Frence Full-gcale experiments were conducted on non-cohesive gramular
geotextile-reinforced Garein P, Villard embankments [ study loed tremsfers of geosynthetics-reinfurced
cmbankments overlying voida: P, Brimngon L. embankments prome to sinkholes.
experimental and  mumerical and Anrey G.
hes Numerical model was performed to provide a betler understanding of
the load transfiers towands the edges of the cavity
Performance verification of a Wayne M., Fraser USA Series of full-scale field tests and model tests were conducted to
geogrid mechanically stabilised I, Reall B, and eveluate performance of e geogrid- stabilized unpaved eggregate base
leyer Kwum I overlaying relatively weak and non-unifarm subgrade soils.
The resulis confirm that the geogrid promotes Improved aggregate
confinement and imterection, leading to enhanced structural
performance of the unpeved aggregats base.
Performance  Assessment of Indrarstna B., Australia Full-scale field tests were conducted on rail track sections in the towns
Synthetic Shock Mats and Grids in =~ Nimbalkar 8., of Bulli and Singleton (Austrelis) to measure track deformations
the Improvememt of Ballasled Rujikisikamjom associated with cyclic siresses and impact loads.
Tracks C., Neville T. and
Chriatic D. o The results indicated that the use of geocomposites 83 reinforcing
) elements for ballast proved to be a feasible and economically attractive
aliernative,
Characterization of Scil- Zomberg 1G., USA A mathematical model with a new parameter, defined as “Stiffness of
QGeosynthetic  Interaction under Roodi G.H., Gupta Scil-Geosynthetic Interaction” or Keg, was introduced to address sail-
Small Displacements Conditiona R and Ferreira J. grosynthetic interaction behavicr under gmall displacements.
Pull out tests with geosynthetics embedded in pocrly praded sand were
conducted to eveluate the proposed model,
Table 6. Numerical Modeling
Title of Paper Auihcers Country Summary of Main Cantribution
Analysis of the influence of soft Carvajal E.  and Spain Presented the analyses of & flexible pavement structure founded on soft
s0il depth on the subgrede RomansM. soil subgrade, through the FEM of a nmultilayered system,
ity far flexible pavements.
capacily for P Deep ground trestments should be applied 1o achieve en allowable
cepacity of soft soils up to minimum depth of ebout 6 m, otherwise
maintenance cost of pavernents might be excessive.
Long-term = performance  of Islam M.N., Auairalia Imvestigated the lang-term performance of the preloaded Nerang-
preloaded road embankment Gnanendren C.T., Broadbeach Roadway (NBR) embankment near the Gold Coast in
Queensland (Australis).
Sivakumar 8.T., (Australis)
MR The MCC model under-predicted the ultimate seitlement while the
Karim creep-based EVP model ceptured it well but over-predicted the pore
Pressure response.
The modified caleulation of the Asacks method predicted almoat
idemtical magnitudes of ultimets settlement as the Hyperbolic method
and FEAs.
Stability improvement methods Manaikkamfki I Finland This paper introduces an eveluation of alternative methods to improve
for soft clays in a railwey and LEnsiveara T. embankment stebility with wooden pile structures or with sheet pile
environment walls,
Based an the 2D and 3D finite element analysis and to the soil behavicr
calibrated in the failure test and existing, they highliphted that anatysed
Probabiligtic Settlement Analysis Jacobse JLA., Nehal Netherlands ~ Presented the deformation enalysis, deterministic 3D FEM calculations,

For_The Botlek Lifting Bridge

R.S., Bijneveld B.

on 6 lifting bridge constructed across the river Oude Maas in the
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Design and Rotterdam harbour area
Bouwmeester D. Application of a simplified stochastic subscil model ceptured
quentitative risk analysis in arder to deal with the uncertainties.
The geolechnical pnalysis Dragos AC, Romania Presented a complex case study corresponding to a road embankments
comresponding to the high road Tenea V.D. uptol Gm height placed et Iassy (Romania).
bankments close to & bridge
o claseton The emalysis shows high strain end low bearing capacity for soila in
flooded staie.
Table 7. Field Performance Evalualion
Title of Paper Authors Country Summary of Main Contribution
LGV EST section 41 : measured Boutommier L., France 8ix embankments are monitored (o measure the settlements and the
and calculsled settlements under Hajouai F., Bacar time of consolidation.
bankments Fadimli N. and
e Gandille D The preconsolidation pressurs of the soil is estimated from the
' undrained cohesion C, and the coefficient of consolidation C, used in
the design was ten times the C, measured with laborelory test
Influence of imstallation demage Touocle L.8. and Germany The effective tengile strength of esphalt reinforcement products,
on the tensils sirength of esphali  Thesselng B. cansidering insiallation damage was analysed.
i emenl products
reinforcement pro A considerable difference in Joss of tensile strength, due to the effscts
of mstallation damage was observed.
Influence of Mechanical Indices Telayev B. Kazakhatan Moisture value and ita phase content in soil basement of the highway
for Scil Basement on Strength of vary substantially in anmual cycle and according to the depth of
Road Structure besement,
The maxinmum values of sagping, tensile strese and vertical deformation
of cement concrete pavement occur in summer and sutnmn segsons.
The performance of shale as fill Solomon KM, Ghana The CBR values indicated variationa between 8% and 12%, which are
and embankment material for 8 Oddei JE. and below the contract special apecification minimmm vahlue of 15%. Thia
trunk road in Ghena Gewu SE. was therefore considered as heving marginal quality for its intended
PUTpOSEs.
Results obtained fram the field evaluation indicated high CBR and
‘bearing resistance valucs including insignificant setflement.
Evaluation of the Performance of Mutjanio D, Indcnesin To fulfill stebility end settlement analysis, the road at Zane 1, and 3
Rosd Embankments over North Rahadian H, ghould be strengthened by secant pile walla combined with raising of
Jakarts-Scft Scils Hendarto and 0.7m.
Teufik R. .
The road at Zone 2 should be strengthened by concrete sheet piles end
ground enchor.
Deformation Performamce end Buggy FI Treland Defarmaticn ratios offer a relinhle method far contrelling stability of

Stebility Contrel of Multi-stege
Embankments in Ireland

multi-stage embankments when used in emjunction with pore pressure
instrumentation. Far the specific conditions at Limerick Turmel, & limit
deformation ratio of 0.6 wea shown to give satisfactory performance
and acceptable stability.

Excesaive lateral deformation related to local fuilure oceurred at several
locations in the vicinity of creeks, ditches end historical excavaticns
located within 10 m of the embankment toe.
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