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Discussion Session 6.1 / Séance de Discussion 6.1 

Road, railway and runway construction 
Construction des routes, des voies ferrées et des pistes d'envoi

T.L.L.Orr -  University of Dublin, Ireland

ABSTRACT: This paper is a report on the presentations and discussion contributions during Session 6.1 on Road, Railway and Run
way Construction. Three main areas were identified for discussion: more rational material models, innovative solutions and environ
mental aspects. The panellists' presentations related to these areas, focussing on the need for non-linear models to model aggregate 

behaviour, the use of geogrids to limit the settlement of railways on soft ground, the use of geogrids as reinforcement for bridge sup
port piers and abutments, and the effects on people of vibrations due to traffic. These and the other presentations to the session dem
onstrated that much valuable research work is being carried out at present throughout the world into the geotechnical aspects of infra
structure development, particularly in relation to road and railway construction. This is leading to more rational material models, 
different innovative and cost effective solutions, and options offering sustainable solutions that protect and preserve the environment

1 INTRODUCTION

In presenting her theme lecture on Road, Railway and Runway 
Construction, Dr. S. Lacasse pointed out that the increasing de
mand for sustainable transportation systems and modernised in
frastructure posed new challenges for geoteclinical engineers. 
These challenges were identified as the needs to engineer more 
economical solutions, develop improved and safer transportation 
systems, encourage innovative solutions and preserve the envi
ronment The contributors to Discussion Session 6.1 addressed 
these challenges.

The Chairman for the session was Dr. S. Saarelainen (Tech
nical Research Centre of Finland). He introduced the panelists:
- Professor B. Das (California State University, USA)
- Mr. A. Dimillio (Federal Highway Administration, USA)
- Professor A. Gomes Correia (TU Lisbon, Portugal)
- Dr. C. Madshus (Norwegian Technical Institute, Norway).

and the Discussion Leader:
- Dr. T.L.L. Orr (Trinity College, Dublin, Ireland).

2 OVERVIEW

As Discussion Leader, Dr. Orr presented a brief overview of the 
papers allocated to Session 6.1 on Road, Railway and Runway 
Construction. A total of 38 papers were allocated to this session. 
The general areas addressed by these papers are indicated in Ta
ble 1, which shows that one half (55%) were concerned with 
road construction, over one third (37%) were concerned with 
railway construction, 1 was concerned with both road and rail
way construction, 2 were concerned with general slope stability, 
but none was concerned with runway construction. This demon
strates that, worldwide, there is at present a large amount of re
search activity in road and railway construction, but little re
search in runway construction.

Table 1. General areas addressed by accepted papers

General area addressed Number o f  Papers

Road Construction 21/38 (55%)

Railway construction 14/38 (37%)

Both railway and runway construction 1/38 (3%)

General slope stability 2/38 (5%)

Runway construction 0

The continent of origin of the papers is indicated in Table 2, 
which shows that one half of the accepted papers were from 
Europe, one quarter were from Asia and the remainder were 
from the other continents. The high proportion of papers from 
Europe and Asia possibly reflects the feet that the Conference 
venue is a point where these two continents meet, but it also 
demonstrates the large amount of research activity in road and 
railway construction in Europe. Dr. Orr expressed disappoint
ment that there were so few papers from North America, al
though the fact that two of the Panelists were from the USA 

helped to redress this.

Table 2: Origin o f  accepted papers

Continent o f  origin o f  papers Number o f  Papers

Europe 19/38 (50%)

Asia 10/38 (26%)

Australia 4/38 (10%)

South America 3/38 (8%)

Africa 1/38 (3%)

North America 1/38 (3%)

3 TOPICS FOR DISCUSSION

The following topics were selected for discussion by the Discus

sion Leader on the basis o f topics identified by the Theme Lec

turer and suggestions received from the Chairman:

- Geomechanics vs. pavement engineering

•  Application o f  soil mechanics approach in pavement and 

railway track analysis and design

- Innovative solutions for roads, railways and runways

•  Application o f  geosynthetics and reinforcement in pave

ment construction

- Infrastructure and the environment

•  Effects o f vibrations on soft soil

•  Sustainability and re-use o f  materials

•  Challenges for infrastructure in global climatic change 

(changes in temperatures, rise o f world sea level, thaw of 

permafrost, changes in precipitation, etc.

•  Consideration o f  the effects o f  cold climate on infrastruc

ture (winter construction, frost action)

•  Infrastructure in cities and densely populated areas.

2727



To illustrate some of the new challenges for geotechnical en
gineers by the increasing demand for sustainable transportation 
systems and modernised infrastructure, Dr. Orr presented some 
examples from Ireland, which included:

- The protection of an old railway line on a boulder clay slope 
above the seashore from instability of the slope as a result of 
erosion of the beach at the toe and increased surface water 
from new construction above the slope. Beach erosion has in
creased recently as a consequence of more severe winter 
storms while surface water on the slope has increased as a 
consequence of more intensive development of the land 
above the railway. The measures adopted were improved 
drainage of the slope, the installation of stone barrettes near 
the toe of the slope and the placing of a stone berm on the 
shore in front of the slope to protect the toe.

- The upgrading of an old clay embankment, carrying a railway 
and a canal over a river, so as to sustain increased train loads 
and allow trains travel at greater speeds. This embankment 
was spreading laterally with age and becoming unstable. 
Ground anchors were adopted as the solution in this case. For 

a good analysis of this type of problem, Dr. Orr recom
mended the paper to the Conference by Kovacevic et al. 
(20 0 1), describing progressive failure in clay embankments 
due to seasonal climate changes.

- Reducing the impact of road traffic in an urban environmental 
through the construction of a road tunnel to take commercial 
traffic. The example given was the construction of an 8m di
ameter twin bore tunnel to take heavy traffic from Dublin 
Port to the edge of the city. This involves tunnelling under 
residential areas. However, the possible negative effects of 
such construction activity, for example the effects of vibra
tions from the tunnelling, on properties and people living 
along the line of the tunnel, also needs also to be considered 
and minimised.

4 PRESENTATIONS AND DISCUSSION

The presentations during Session 6.1 were focused on the fol
lowing three main subject areas concerning the design and con
struction of roads, railways and runways:
- More Rational Material Models
- Innovative solutions
- Environmental Aspects

Summaries of the presentations and discussion contributions 
during the session are included in the following sections.

4.1 More Rational Material Models

Prof. A. Gomes Correia (Portugal), in his panelist presentation, 
stressed the need to move from the merely empirical rules still 
used in the design and construction of pavements and rail tracks 
to a more scientific approach in practice. He started by present
ing some in situ measurements in granular layers in real pave
ments and rail tracks showing that the strain range observed 
varies between 10' 5 to 5x10"\ This demonstrates that non-linear 
material models are necessary for desiga He presented some ex
perimental (laboratory and field) peculiarities observed in two 

well graded aggregate mixtures (0/31.5mm and 0/12.5mm) in the 
above strain range. He concluded that:
• In the quasi-elastic domain, i.e. strain range e < 10"5:

The vertical (axial) Young modulus (Ev) is a rather 
unique function of the instantaneous vertical (axial) 
stress, (Ov1) and is essentially independent of the lateral 
stress so that Ey = C ovm.
It is not possible to estimate accurately the elastic stiff
ness of an aggregate mixture having a relative larger uni
formity coefficient (Uc) based on an empirical equation 
relating the elastic modulus, E to the void ratio, e for the

same stress level. In feet for the same void ratio, the 
mixture (0/12.5 mm) with Uc = 28 exhibits an elastic 
modulus greater than twice that of the mixture (0/31.5 
mm) having a larger Uc (= 53).

• In the strain range between 10"5 and 10"3:
The stiffness of dense aggregate mixtures increases with 
strain amplitude in triaxial compression tests and in load 
plate tests.

The use of the degradation stiffness curves, which consist of 
curves of E,(secant modulus)/Eo (elastic modulus) as a function 
of strain (e ), was proposed as a good approach in order to take 
account of the non-linear behaviour of aggregate mixtures.

Prof. B. lndraratna (Australia), in a floor discussion contribution, 
said that in any kind of process simulation testing, lateral dis
placements need to be modelled correctly. In railways, the lateral 
deformations in the 2 horizontal directions are very different 
Along the direction of train travel (i.e. perpendicular to the 
sleepers) there is higher confinement by sleepers, whereas par
allel to the sleepers the ballast is free to move laterally, contrib
uting to loss of resiliency. In this regard, the use of conventional 
triaxial testing is no good, and one needs to go for a cubical or 
true triaxial rig with unrestrained sides, like the one developed at 
University of Wollongong and described in the paper to the Con

ference by lndraratna et al. (20 0 1).

Prof. Gomes Correia, in reply, said he agreed. Some of his test
ing had been carried out using a 'box', but it did not have mov
able boundaries, like the cubical triaxial at Wollongong Univer
sity. The physical simulation in his 'box' is still better than the 
conventional triaxial, and he could measure lateral deformations.

Prof. S. Frvdman (Israel), in his presentation, pointed out that 
more rational pavement design should involve reference to con
stitutive models and test data which are more representative of 
actual field conditions. He presented the following two examples 

to demonstrate this:
1. With regard to constitutive models for pavement materials, it 

should be recognized that the strains developed include elas
tic, visco-elastic, plastic, and visco-plastic components. The 
paper presented to the Conference by himself and his co
authors (Mazzawi et al., 2001) discusses how these compo

nents can be evaluated from laboratory tests.
2. The stress path applied to a point in the pavement below a 

passing wheel load is different from that applied in cyclic tri
axial loading. Rotation of principal axes occurs, with combi
nations of shear and normal stresses developing on horizontal 
and vertical planes; in triaxial testing, no rotation occurs, and 
horizontal and vertical planes are always principal planes. 
More realistic stress paths can be applied by using torsional, 
hollow cylinder equipment, and Ishihara (1983) demonstrated 

that these stress paths will lead to development of signifi
cantly larger strains, as well as larger pore pressures in satu
rated soils. Clearly, triaxial testing is unconservative.

4.2 Innovative Solutions

Prof. B. Das (USA), in his panelist presentation, noted that the 
movement of a train on the railroad tracks transmits cyclic load 
to the sleepers. This cyclic load can be idealized to be of rectan
gular wave form. This cyclic load on the railroad sleepers will 
ultimately cause settlement of the subgrade. When a layer of 
geogrid is placed on the subgrade during construction, it will 
have a tendency to reduce the settlement Large and small scale 
laboratory tests have shown the following
1. For a given cyclic load application, the settlement of the sub- 

grade increases with the number of cycles and reaches a 
maximum value at N =200,000 to 300,000.

2. For soft clay and silty subgrades the introduction of the geog
rid reinforcement may reduce the permanent settlement by
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about 25 to 30%. The magnitude of the settlement reduction
is a function of the following:
- Flexibility and strength of geogrid
- Modulus of elasticity of the subgrade
- Magnitude of the maximum intensity of the cyclic load.

Prof. lndraratna. in a floor discussion contribution, noted that 
Prof. Das, in his example, extended from previous work of Prof. 
Raymond, had placed the geogrid on the saturated soil layer. 
However, in Prof. lndraratna’s experience with coastal soft clays 
in Australia, this will not work because, under high cyclic loads, 
the soft saturated silty clays can 'pump' and intrude the ballast 
voids causing poor drainage, thereby leading to potential 
undrained track failure. The best solution is to have the geogrid 
within the granular media, and have a permeable geotextile 
above the saturated soil. In this way, the track benefits from rein
forcement, drainage and separation functions, simultaneously.

Prof. Das said he agreed, pointing out that, in his presentation, he 
did not have enough time to show other examples, where geo
textiles have been also used in the way Prof. lndraratna had de
scribed.

Prof. lndraratna. who has developed a simple technique for 
evaluating the most vulnerable particle fractions to degradation 
(crushing) during a given cyclic loading, asked Prof. Das, in an
other question, if he had studied effect of the geogrid on reduc
ing ballast degradation? Professor Das replied that he had not.

Mr. A. Dimillio (USA) centred his panelist presentation on the 
use of geosynthetic grids and sheet materials to reinforce soil 
layers inside modular block containment units to construct re
taining walls, bridge piers and abutments. He and his colleagues 
have focused their research efforts on developing improved ver
tical spacing guides, connection issues, compaction details, fac
ing cracks, and soil fill specifications. They have also worked on 
determining the optimum base to height ratios. To do this they 
have built and instrumented three full-scale bridge support piers 
and numerous one half and one quarter scale model piers that 
were load tested to failure. In addition to these piers, they have 
also constructed three full scale abutments to study the behaviour 
of these units as bridge support elements.

The smaller piers were much faster and cheaper to construct 
and also much easier to test to failure than the full scale struc
tures which permitted them to vary the spacing and strength of 
the geosynthetic reinforcement layers to evaluate the effects of 
these changes on overall performance. It was discovered that 
vertical spacing between reinforcement sheets plays a major role 
because the composite feature is greatly diminished when sepa
ration distances become too large. Compaction of the soil layers 
is also very important The strength of the geosynthetic and the 
connection features play a much lesser role. The modular blocks 
add value as confinement of the soil and as a formwork for con
struction, but do not add much value as a structural element.

This type of construction is well suited for remote areas 
where concrete and steel are expensive to haul to the bridge site, 
and heavy equipment is hard to mobilize. The concept may also 
be a good alternative in seismic areas because each layer of soil 
and reinforcement may serve as a force-dampening shock ab
sorber between the earthquake generated ground motions and the 
bridge superstructure.

Professor E. Shin (Korea) described the construction of runways 
at the Incheon International Airport on reclaimed tidal land with 
an average 5m depth of normally or slightly overconsolidated 
soft soil. The possibility of differential settlements of 3cm adja
cent to the many box culverts and underground structures under 
the runways had to be considered. Since high levels of fill com
paction were required, the difficulties related to the filling and 
compaction of soil around the concrete box culverts had to be

taken into account, with more soil compressibility expected in 
the zones adjacent to the sides of the culverts.

When designing foundation structures that will have to sustain 
large loading concentrated on small areas, like airport runways, 
the insertion of tensile resistant elements, like reinforcing geog
rids or the placing a 20 cm thick concrete slab, are recommended 
in order to spread the surcharge loads and ensure that the differ
ential settlements remain with acceptable limits. The location of 
the geogrid in the runway pavement was investigated and evalu
ated through the laboratory bearing capacity tests. As a result, 
one layer of geogrid was placed at the bottom of the lean con
crete layer for concrete paved runways and at the bottom of ce
ment stabilized sub-base course for asphalt paved runways. The 
geogrid reinforcement extends 5m from the sides of box culverts 
and 2m from the end of backfill soil around the box culverts.

Construction damage could occur to the geogrid because the 
cement treated sub-base layer and lean concrete were spread by 
the finisher. Geogrid specimens were sampled from the field and 
tensile strength tests showed that the strength loss due to con
struction damage was 1.16% - 1.90%. An important factor in the 
choice of geogrid is its flexural rigidity, particularly in this case 
where the geogrid should spread load over areas with totally dif
ferent stiffness.

4.3 Enviromental Impact

Dr. C. Madshus (Norway), in his panelist presentation, consid
ered the aspect of ground borne vibration from traffic, which has 
to be addressed when designing railways and roads. In particular, 
he considered the problem of how to avoid annoyance to people 
in neighboring buildings from such vibrations. Ground borne vi
brations, which may originate from traffic either on the surface 
or in tunnels, propagate through the ground and into buildings. 
Annoyance to people living or working in the buildings is the 
main problem. Sensitive laboratory and production processes 
may also be disturbed by ground borne vibrations. Only in ex
treme cases will traffic-induced vibrations be strong enough to 
cause building damage. Heavy traffic, high axle loads, high 
speed, uneven track- and road surface and soft soil conditions 
add to the problem.

To rate vibrations with respect to the annoyance caused to 
people, measurements, including time averaging and weighting, 
should be made according to ISO 2631-2 (1989) and ISO 8041 
(1999). This is needed to account for the response time and 
changing sensitivity of the human body to vibrations at various 
frequencies. Vibrations should be rated at the most unfavourable 
location on the floor of a living or sleeping room.

To establish criterion values for acceptable vibrations in 
buildings, “exposure-effect curves” are needed. Such curves re
late the strength of the vibrations, expressed as peak particle ve
locity, to the percentage of a “normal’’ population which should 
be expected to be annoyed to a certain degree. An extensive “vi- 
bro-sociological” investigation has recently been performed in 
Scandinavia in order to derive such curves. More than 1500 peo
ple living along roads and railways have been interviewed, and 
their response has been related statistically to the strengths of vi
brations in the apartment of each individual respondent. Based 
on the investigation, it can be seen, for example, that about 7% 
of a population should be expected to be “highly annoyed” by 
vibrations at 0.3 mm/s, and about 15% should be “highly and 
moderately annoyed” by the same vibrations. This number in
creases to 25% if the vibration is increased to 0.6 mm/s. More 
details are found in the Norwegian Standard NS 8176 (1999).

In Norway, a limit of a maximum vibration of 0.3 mm/s in 
neighbouring buildings is now used as the design criterion for 
new roads and railway lines. On soft ground, train traffic may 

lead to vibrations exceeding 0.3 mm/s for distances up to some 
100m from the track.

To be able to consider vibrations during the design of roads 
and railways, prediction models are needed. The most reliable 
quantitative models are still empirical, and based on an extensive
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amount of systemized measurement data The models should at 
least be able to account for train or vehicle type, speed and 
weight, track of road quality, ground conditions, distance and 
building amplification. Models often need to be supplemented by 
measured data on vibration propagation properties for the spe
cific site and by numerical simulation of vibration counter
measures. Such prediction models, combined with GIS-tools to 
handle information on track or road location, ground conditions 

and the location of buildings, constitute efficient planning tools, 
as described in, for example, Madshus (1996).

Dr. H. Gustavsson (Finland) described research to limit and 
solve the problem of the thaw weakening of frost susceptible 
subgrades, which leads to horizontal movements and cracking of 
the asphalt, more details of which are presented in the paper to 

the Conference by himself and his oo-author (Saarelainen & 
Gustavsson, 2001). This damage is greatest during the thaw, 
when the subgrade stiffness is least For design, the controlling 
elements were identified as the length of the thaw period and the 
resilient properties of the pavement layer and the thawed sub- 
grade.

Professor C. Atalar (North Cyprus) described a joint Greek and 
Turkish Cypriot research project, supported by the UN, to inves
tigate and find solutions for problems due to swelling clays in 
Cyprus, which pose a continuous threat to the built environment, 
for example the roads and the airport runways.

Dr. D. Adam (Austria) described how heat absorbing pipes in
stalled into concrete units around tunnel linings, with brine as a 
heat transfer medium, have successfully been used to extract 
heat from, and conduct heat into, the ground (water). Details of 
this system are given in the paper to the Conference by himself 
and his co-authors (Adam et al., 2001). The advantages of the 
system are that it:
• is non-polluting and ecologically friendly,
• offers cost saving due to the combined use of units in the 

ground for structural and heating purposes,
• allows heating in winter and cooling in summer, and

• has low operating costs.

Prof. S. Smngman (Switzerland) summarised the results of tests 
on TBM excavated marl material modified with the binder 
Dorodur H70. As described in the paper to the Conference by 
herself and her co-authors (Caprez et al., 2001), the binder was 

found to modify the marl chips so that the tendency to swell was 
avoided and the strength and stiffiiess improved. Hence, as a re
sult of this testing programme, it was possible to recommend the 
TBM excavated material as being suitable for reuse in the rail 
base layer as a substitute for commercial sandy gravel. This re

sult has the potential to be of great commercial benefit to the 
Swiss railways.

5 CONCLUSIONS

In reviewing the discussion session, Dr. Orr concluded that the 

panelists and the other contributors to the session had demon
strated the importance of interweaving good engineering practice 
in road, railway and runway construction with good research. 
The contributions included examples of the development of 
more rational material models, different innovative and cost ef
fective solutions, and options offering sustainable solutions that 

protected and preserved the environment.
The contributions demonstrated the valuable research work 

at present being carried out throughout the world, particularly in 
the area of road and railway construction. Examples of this re
search include:
• the UN funded work on swelling clays in Cyprus
•  the research to develop more scientific approaches to the 

geotechnical aspects of the design and construction of infra

structure being carried out under the auspices of ISSMGE 
ETC 11 at several centres in Europe (Gomes Correia & 
Brandi, 2001)

• the research into innovative track design, track geomechan
ics and ground-stmcture interaction being carried out in 
Australia as part of the Cooperative Research Centre for 

Railway Engineering and Technologies involving five uni
versities with major funding from the The Federal Govern
ment and the railway industry, and

• the research into the use of geosynthetics in road and railway 
construction being carried out in the USA.

Dr. Saarelainen closed the session, thanking the panelists and 
all those who had contributed to the discussion.
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