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Introduction

Concrete materials are used in the construction of a
wide range of infrastructures. Many of them are exposed
to a variety of serious environments during their service
life. Their durability strongly depends on the transport
of fluids and/or aggressive agents from the environment
into the concrete materials.

The transport of fluids and ionic species from the en-
vironment into concrete materials can take place through
pore spaces in the cement paste matrix, interfacial transi-
tion zone and cracks, according to the following 4 mech-
anisms, (1) permeation due to a pressure gradient,; (2)
diffusion due to a concentration gradient; (3) absorption
due to capillary action; (4) migration due to an electrical
potential gradient.

Corrosion of steel reinforcement due to the ingress
of air-born salt into concrete has been the main reason
for the deterioration of concrete bridges in marine atmo-
sphere zone. Air-born salt refers to sea salt aerosol par-
ticles which are formed predominantly by the action of
wind on the ocean. Penetration of chloride into concrete
is a complex phenomenon involving various factors, in-
cluding diffusion of chloride ions in pore liquid and their
movement with water within concrete. The latter process
conveys a greater quantity of chloride ions than the diffu-
sion process does, especially at the outmost surface zone
of concrete structure in real unsaturated situation site.

In order to investigate the air-born salt environment
and adherent chlorides on the surface of bridge along
seashore, we have carried out a series of experimental
observation at Amadori Bridge in the south of Wakayama
Prefecture facing Pacific Ocean in the past 4 years. De-
tails are present in the following.

Effect of Environmental Factors on Chloride Ingress
Amadori Bridge is a steel bridge with 3 I-type gird-
ers (Figure 1). One side of the bridge faces the sea, the
opposite side faces a cliff. Mortar panels with size of
4x4%0.5 cm (Figure 2) were adhered to 30 locations on
the surface of the girders to investigate the spatial distri-
bution of air-born salt penetration along the transverse.
Meanwhile, the amount of salt deposition on the steel

surface beside mortar specimen was also measured. The
observed results are shown in Figure 3, along with eval-
vated results based on CFD calculation. It is found that
for the same bridge site, the salt deposit on steel surface
or on the surface layer of concrete could be largely dif-
ferent, which would bring different degradation rate and
level in one bridge structure. This phenomenon comes
from micro —environment condition at each local posi-
tion, such as rainfall, humidity, temperature and sunshine
etc. Meanwhile, mortar specimens were also exposed
under the bridge and near the sea separately (Figure 4)
for 4 periods to investigate the effect of rainfall. Dashed
lines in Figure 5 refer to those near the sea, present-
ing lower concentration of chloride ion than solid lines

which refer to those under the bridge. This gives an obvi-
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Figure 2. Mortar panels
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Figure 3. Location of mortar panels (2015.7.23~9.30)

near the sea under the bridge

Figure 4. Exposure of mortar specimens
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Figure 5. Concentration distribution of Chloride ion in mortar
specimens during 4 periods (2015-2017) observation

ous conclusion that rainfall may clean the salt to some
degree and also may change the concentration distribu-
tion of chloride ions at the surface layer of concrete ma-
terial.

Monitor of Substance Migration by POF

A new method of monitoring complex behaviors of
geo-materials using plastic optic fiber (POF) was pro-
posed by Akutagawa et al. Unlike in conventional meth-
ods of using optic fibers for engineering monitoring, the
new method uses tip of POF as monitoring points. As the
path and properties of light is affected by many factors
shown in Figure 6, originating from mechanical, hydro-
logical, electrical, chemical and biological phenomena
happening near the fiber tip, a qualitative interpretation
of the obtained signal to identify exact situation of the
monitoring zone becomes possible. A twin fiber sensor
with 45 degree inclination is shown in Figure 7. The
light intensity ratio of refracted light L5 over incident
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Figure 6. Factors affecting properties of returning light
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Figure 7. Paths of light around inclined faces of two POFs

light L1 can be determined from refractive indices of
materials. We are trying to do a series of experiments to
monitor the hydration process of various concrete ma-
terials, correlating the relationship between hydration
properties with the change of light intensity. Also, POF
is embedded in hardened concrete to monitor the passage
of water or passage of other ionic solution, drying and
wetting process and so on.

The Future work

Geopolymer concrete (GPC) is considered as the 3™
generation cement after lime and ordinary Portland ce-
ment. For GPC, Portland cement is not used as a binding
material. Instead, industrial by-product materials rich
in Silicon and Aluminum such as fly ash, rice-husk ash,
silica fume, slag, and other similar materials are added
to react with highly alkaline liquid to produce binders.
The polymerization reaction under highly alkaline condi-
tion is substantially fast on silicon-aluminum minerals
resulting in a three-dimensional polymeric chain and
ring structure. The use of this geopolymerization process
in concrete-making could significantly reduce the CO,
emission into the atmosphere caused by cement indus-
try. It further reduces or eliminates the need for large
amounts of raw materials for the manufacture of Portland
cement and provides additional potential for recycling of
Al and Si rich by-products materials.

In the past two decades, although significant progress
has been made, there is an immense need for an under-
standing of setting reactions, the relationship between
mix design characteristics, the short and long term me-
chanical properties and overall durability. Our research in
GPC will focus on its various durability properties, espe-
cially the transport of fluids and aggressive agents from
environment. Bond behavior between reinforcement and
GPC, corrosion of reinforcement in GPC are also of our
interest.
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Introduction

After the 2011 Off the Pacific Coast of Tohoku earth-
quake, many researches have been conducted with an
aim to answer why a large number of embankments and
levees resting on non-liquefiable foundation soils were
severely damaged. Despite Tohoku Regional Develop-
ment Bureau of Ministry of Land, Infrastructure, Trans-
port & Tourism (MLIT) had summarized that damages
caused by liquefaction of the foundation ground involve
basal settlement and saturated condition of loosening
construction materials inside levees submerged under
water, the failure mechanism has not been clearly under-
stood because these explanations are not much different
than what have been pointed out since the occurrence of
the 1993 Off Kushiro-Oki earthquake. Previous experi-
mental works successfully confirming the main causes
of liquefaction mentioned earlier reported that stress at
the lower part of the embankments was reduced after the
embankments underwent subsidence due to the consoli-
dation of the foundation clay. This result implies “soil
arching”; however, “arching effect” was not mentioned.
In fact, previous theoretical works have already found
that the settlement of embankments induces arch action
across a basal deflection in an attempt to explain the phe-
nomenon of central pressure drop observed in granular
heaps with a deflected base. It might not be realized on

that time this counter-intuitive observation could be re-

ridge settlement
3\ arch formation

failure zone

sheared plane —><' ‘

7’

arch W ,7%%

basal sag

Figure 1. Mechanisms causing sheared plane and failure zone ob-
served in 1G physical model of embankment with basal
sag. As arching is ability to transfer load laterally, forma-
tion of arch needs relative displacements between the
stagnant and mobilized zones.

lated to the occurrence of liquefaction.

As explained in Figure 1, arching effect in embank-
ments is separated into active and passive arch actions.
1G embankment models with hysteretic loops of basal
settlement have been developed, confirming the down-
ward basal deflection significantly induces passive arch
and numerical lower-bound limit analyses can character-
ize the pressure profiles with the hump profile in active

condition and the pronounced dip in passive condition.

Research objectives

This research aims at associating the arching phenom-
ena in soils with the mechanisms of weakening resistance
against liquefaction of partially saturated embankments
resting on deformable ground. Secondly, to develop the
experimentally realizable theory bridging the criteria of
arch collapse and the failure of embankment due to lig-
uefaction and strong ground motions. A series of both 1G
model tests in static loading and centrifugal model tests
of embankment in dynamic loadings is carried out to di-
agnose the mechanisms of arch collapse.

Herein, the scope of research is limited to liquefiable
embankments resting on the soft ground with the primary
objective focusing on whether embankments constructed
on deformable foundation is unsafe because passive arch
action weakens the liquefaction resistance and insuf-
ficient confining pressure fails to prevent overstress in
soil arching against seismic forces, or by other combined
factors. Therefore, the following unclear mechanisms
will be elucidated step by step during the research period
using physical modelling and numerical analysis.

1) Before earthquake: basal settlement — arch action

— weakening liquefaction resistance (see Figure 2)

2) After earthquake: soil liquefaction — drop of con-

fining pressure + seismic force — arch collapse —

failure of embankment (see Figure 3)

settlement

foundation soils

Figure 2. Arches are formed due to basal settlement, causing cen-
tral pressure drop; hence reducing the resistance against
liquefaction.
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earthquake

Figure 3. Earthquake induces liquefaction in saturated loose mate-
rials within and underneath embankment; consequently,
liquefied soil further reduces the confining pressure to
the arch abutments; therefore, the abrupt buckling of
force chains causes a severe damage to the embankment.

Evaluation process

The model configuration and instrumentation is shown
in Figures 4 and 5 in which the deformable ground was
modelled by Urethane. The basal subsidence was record-
ed by a couple of laser sensor transducers. One pointed
directly on the crest surface to measure the total subsid-
ence while the other pointed on the wooden rod connect-
ed with the base to measure basal subsidence separately.
Two pore water pressure transducers were used together
with three earth pressure gauges to measure both vertical
and horizontal earth pressures for observing the occur-
rence of arching effect. The fluid was prepared by dis-
solving Metolose with water to achieve 50 ¢St kinematic

viscosity fluid for centrifuge tests at acceleration of 50g.

Summary and conclusion

Dynamic centrifuge model tests of embankments plac-
ing on rigid base and soft base modelled by Urethane
were conducted to investigate the liquefaction resistance
in association with the change of the stress distribution
inside embankments due to basal subsidence. As demon-
strated by Figure 6, experimental results reveal that lat-
eral spreading deformation causes reduction in horizontal
earth pressure along the bottom of highly-compacted
embankments due to concave settlement of the base.

Moreover, arch action formed underneath the core of
embankment with reduction in vertical earth pressure

was observed due to the basal subsidence and loosen-
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Figure 4. Model configuration and instrumentations

Figure 6. Failure of embankment model after shaking

ing of inner zone after submersion by Metalose supplied
inside the embankment. Comparisons between embank-
ments built on the Urethane ground and those built on
rigid ground imply that basal subsidence decreases lique-

faction resistance in embankments during an earthquake.

Expected outcome

The outcome of this research will provide a key idea
to mitigate embankments from earthquake disasters by
providing a new design concept and the rational deter-
mination of the required reinforcement along the minor
principal axes of soil arching or confining pressure to the

existing embankments.
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The Public Transport Fares Debate

How to set appropriate public transport fares has al-
ways been a hotly debated topic. Fares have a crucial in-
fluence on the attractiveness of public transport systems.
They are often seen not only as an economic but a wider
political issue that affects residents’ accessibility, social
inclusion, equity and with it their quality-of-life. Fares
are further related to spatial equality and economic con-
ditions including local policy issues such as land-value
capture, income taxation and urban sprawl.

Recently a number of operators are changing the
structure of their fare system significantly. In some cities
simple flat fare structures or zonal based fare structures
are replaced by distance-based charges. In particular
the introduction of mobile-phone based ticketing where
the fare is determined through GPS tracking encourages
this trend. Whether this leads to “fair fares” is though
ambiguous and other cities therefore oppose this step
and move in the opposite direction. On the one hand,
distance-based fares mean that travelers pay according to
what they consume. On the other hand, travelers living
far from the city are disadvantaged and often it is exactly
this population group that cannot afford higher fares.
Therefore in cities such as Santiago de Chile consciously
a simple flat fare is operated even for the metro system
so that poverty is not amplified through fare policy.

Trends in European cities

In 2016 a colleague and I conducted a study com-
missioned by the European Metropolitan Transport
Authorities (EMTA) to investigate future fare policy
trends among European metropolitan regions. This
qualitative research led to Fig. 1 which illustrates the
conflict further. There is a group of cities/regions aim-
ing to simplify their fare structures and another group of
cities aiming to diversify their fare structure not only to
increase revenue but also to allow for differentiated fares
for specific population groups. Therefore a wide range
of cities mentioned that their goal is “fair fares” but they
aim to achieve this with opposing strategies. Comparing
European and Japanese developments, it is noteworthy
that in Japan technical integration is far advanced, i.e.
SUICA can be used throughout the country, but that fare
structure integration is far behind, i.e. most European cit-

ies aim for regional fare structures independent of which
operator one uses, which is not the case in Japan.

Athens, Barcelona, Montreal, Copenhagen, Oslo, Stockholm, Vilnius

Simplify
airness ;
. Equity
Revenue increase
Diversify

East-Austria, Amsterdam, Berlin, Helsinki, Madrid, Munich, Prague

Figure 1. Fare trends in a number of cities/regions. Full report
available at http://www.emta.com/spip.php?article693

Price capping and MaaS

Not to be omitted in the current fare structure debate
are further the terms “price capping” and “mobility as a
service” (MaaS). The idea of “capping” is that users do
not have to calculate in advance anymore whether it is
worth purchasing a multiple-ride pass or better to buy
tickets for single journeys, but instead travellers use their
smart card and the card stops charging them once the
daily limit has been reached. London has for example
introduced daily and weekly capping. This is certainly
convenient for users, whether price capping also leads to
significantly increased public transport usage is though to
be seen.

MaaS has several connotations, within the fare struc-
ture debate the aspects of integrated (possibly mode in-
dependent fares) as well as a general “reversed capping”
idea that pre-pay for a monthly mobility package is rel-
evant. For example for a fixed price paid in advance, the
traveler has the right to use unlimited public transport,
taxi within a certain radius as well as a certain number of
car sharing trips. How such packages should be priced as
well as how they might change behaviour is a key cur-
rent research issue. Companies offering such mobility
packages have started to appear in for example Helsinki,
Finland. Especially in Japan the stakes for MaaS appear
to be high. The aforementioned fare policy disintegra-
tion means that introducing MaaS concepts are difficult.
However, the potential winning margins might also be
especially high as travelers might value the knowledge
that their total payment is fixed more if calculating one’s
potential expenditure is difficult. Tourist markets appear
therefore a very suitable first market for MaaS type con-
cepts in Japan.
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Modelling Distance-based fares

Important for the willingness to test and hence suc-
cess of any fare structure change is the ability to model
their potential effects. This is a main challenge for MaaS
and capping concepts where one needs to predict wider
behavioural impacts but also for simpler fare structures
such as the above described changes towards distance-
based fares. Many operators, such as bus operators in
Japan, operate non-linear distance based fares. That is, a
certain base fare increases per km distance travelled but
the marginal increase per km is decreasing. If one ap-
plies this to path finding in a network context the fares
become “non-additive” as the fare for a specific link will
be dependent on a travelers origin. Fig. 2 illustrates the
challenge where ¢', denotes the cost of link x for traveler
with origin y. Assume that the first km is priced 5 units,
the 2" km 3 units and the 3" km 2 units. Then link BC
will cost travelers from A 3 units but travelers from B 5
units. The situation is even more complex for link CD
where travelers from A will be charged different for the
same link depending on which path they have taken to
reach C.

Figure 2. Example network with path-specific link costs

Furthermore, in public transport waiting times have to
be considered leading to the notion of “hyperpaths”. This
can be defined as a set of attractive paths any of which
might be optimal and an accompanying strategy to select
a path among these attractive paths. Take a traveler at
A aiming to go to D and assume all links are bus lines.
Now if bus AC is coming s/he should certainly take it,
but what if bus AB comes first? If bus BC is frequent and
fast, it might be optimal for the traveler not to wait at A
for AC, especially if s/he has just missed a connection.
Combining these two challenges leads to the operations
research problem of finding optimal hyperpaths consid-
ering non-additive fares to which a solution has been

presented in Maadi, S. and Schmocker, J.-D. (2017). Op-
timal Hyperpaths With Non-Additive Link Costs. Trans-
portation Research Part B, 104, 235-248.

Optimal distance-based fares

The discussion on non-additive fares further leads to
the question as to whether such fare structures can lead
to “win-win” situations for travelers and the operator in a
multi-modal context. In order to show that there are such
non-additive fare solutions consider Fig. 3. The network
includes one origin (node O) and two destinations (nodes
1 and 2). Links are defined by travel time and length,
shown in the square brackets in the figure. Links a, b and
c are public transport links and induce a fare, whereas
d is seen as an alternative mode that is not charged (or
the charge is collected by a different, say taxi, operator.)
Links a and b are identical, whereas c is longer but faster.
The cost is only needed to calculate the fare, therefore
the length of link d is irrelevant.

¢ [t=1, 1=3]

@
&
~
T|'
»
—
Il
—
4

o 1
S/ b [t=2, I=1]

— — e =

Figure 3. Example multi-modal network

Now with an additive fare structure where all links
are charged the same the long, and hence expensive, link
¢ can be unattractive but in a non-additive case ¢ might
be become interesting as travelers from O to 2 can ob-
tain discounts for c if they have travelled link a already.
On the contrary link a might become unattractive for
travelers from O to 1 if the first fare stage becomes too
inexpensive. Therefore there are fares that lead to at least
the same fare revenue but less travel time than additive
fares. For example, for the above example network, one
can show that for equal demand from O to 1 and O to 2
a fare of 1 unit per km leads to the same revenue but less
travel time as a fare of 1.2 units for the first 1.5km and
0 for any subsequent travel. Thus, given that fast links
have some spare capacity, marginally decreasing fares
can be optimal from a social utility perspective. Deriving
optimal non-additive fare structures is topic of ongoing
research.
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