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Potential Pitfalls for an Expert Witness

Many of us in the technical services industry aspire to be ex-
perts in our field. To receive a request to provide expert wit-
ness services can be flattering and could be seen as valida-
tion of that status. However, ultimately provision of this ser-
vice can result in the requirement to provide expert evi-
dence at an inquiry or in court where rules and behaviour
can be very different to our day to day experience.

Therefore, before accepting instructions to provide expert
witness services on a particular matter, practitioners from
member companies would be well advised to;

o refer to the recently published LPA 62 [Advice to Expert
Witnesses] and

reflect upon the following Magnificent Seven potential
pitfalls drawn from recent experience, that potential ex-
pert withesses can face and must fully understand:

1. Responsibility of an expert.

First and foremost experts must be aware that their responsi-
bility is to provide independent evidence to the court unaf-
fected by any desire to support their client’s case (see also
LPA 62). An expert should be formally instructed by the solic-
itor acting for the client and this should clearly define the
terms of reference and responsibilities.

(ovvéxela otnv oeNida 3)
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2. Ensure you are Fully independent.

Before accepting an instruction, an expert must carefully
consider if there are any conflicts in the appointment. This
could be a question of being previously involved in the case,
a connection with other parties dealing with or affecting the
case or a less obvious connection with a matter that could
influence the case. As a minimum the expert should advise
the instructing solicitor and be entirely transparent in the
proof of evidence of the potential conflict and how it could
have affected the opinions given.

3. Ensure you really are an expert.

Although you might be expert in the general aspects of the
case consider whether you truly are an expert in all the
specific details you are required to give evidence on. For
example you might be an expert remediation engineer but
have never dealt with a petrol filling station. If the case is
about a PFS, you should seriously consider whether you
should accept or decline the instruction.

4. Make sure you are fully conversant with all the
documents

It is easy to be tripped up if you are unaware of documents.
On cross examination of a politician who admitted she had
not had time to read all the documents, the barrister stated
“Madam, you do not have an opinion!”

5. Make absolutely sure your proof of evidence is
correct

There is nothing a barrister likes more than to find errors in
a proof of evidence. So when writing your expert report or
proof of evidence make doubly sure that everything is fac-
tually correct, that any calculations you have made are not
flawed and your opinions cannot be disputed or undermined
by virtue of simple factual or typographic errors. There is
nothing worse than having to amend errors in a proof iden-
tified during cross examination and the barrister will use
this to question the reliability of all your evidence. Although
it is your evidence it always makes sense to get another
expert to undertake a sense check before it is submitted to
the court

6. Do not be drawn under cross examination to stray
beyond your area of expertise.

It is very easy to be drawn under cross examination to
make statements that are be beyond your area of expertise.
A common pitfall is to bluff your way through but this could
destroy the credibility of your entire evidence. It is far bet-
ter to admit the limitations of your knowledge and not offer
an opinion that is outside your area of expertise.

7. And finally

It is important to recognise the seriousness of being an ex-
pert. This is not just an exercise in mental gymnastics; be-
ware that barristers do this day in day out and excel in get-
ting under your skin to undermine your credibility - this is
what they are paid to do! If anyone needs a confirmation of
how merciless the process can be, it is worth reading the
judgement of Justice Aikenhead on the Corby case and how
he dealt with some of the witnesses. But more important
than personal credibility, many of these cases can affect the
lives of real people (as in the Corby case) and we must re-
member we have a responsibility to them as well.

Peter Witherington and Hugh Mallett

AGS - Association of Geotechnical & Geoenvironmental Spe-
cialists
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APOPA

Mapouciacn apBpwv, 0TV CUYYPAPH TWV OMoiwV HETEIXaV
‘EAANveg, oto XVI European Conference on Soil Mechanics
and Geotechnical Engineering, Edinburgh, 13-17 September
2015 (kat’ aA@afnTikn ogipd, oTa €AANVIKA, TOUu ovOpaToq
TOU MPWTOU CUYYypaPEa).

Factors affecting the degree of improvement of
NC clays reinforced with stone columns

Facteurs qui influencent le degré du progrés de NC
argiles reinforcées par les colonnes en pierre

V. Papadopoulos & P. Andreou

ABSTRACT The main objective of this paper is to examine
through 2D and 3D numerical analyses the effect of several
important factors on the behaviour of NC clayey soils, rein-
forced with stone columns. In order to estimate the im-
provement degree as the settlement reduction factor, B,
extensive analyses were performed for a wide range of the
parameters involved. Apart from some well known factors,
as the replacement ratio and the gravel pile deformability
and strength, the effect of other parameters as the loading
conditions, the intensity and the undrained shear strength
of the clay as well, are investigated. The F.E. programs
ABAQUS and PLAXIS (2D and 3D) are used for the exami-
nation of typical gravel pile groups, under varying loading
level. From the comparison of the results from three dimen-
sional analyses with those of the widely used simple unit
cell model, under axisymmetric conditions, useful practical
conclusions may be drawn.

1 INTRODUCTION

Stone columns installation in soft soils, usually achieved by
vibro-replacement methods, is a widely used and effective
ground improvement method. This technique provides bet-
ter behaviour of the foundations, by increasing bearing ca-
pacity, reducing the settlements, accelerating the consolida-
tion process and mitigating the liquefaction risk, as well.

In an attempt to understand and predict the behaviour of
vibrated stone columns, many studies based on physical
modeling, mathematical analysis, and full-scale testing have
been carried out. These studies have highlighted various
parameters that influence the overall performance of this
technique. Laboratory research as f.e., by Hughes & Withers
(1974), Charles & Watts (1984), Andreou et al (2006),
Black et al (2007) has contribute considerably in under-
standing the behaviour of stone columns. These experi-
mental studies have identified most of the particular pa-
rameters that control the behaviour of a vertically loaded
stone column.

Many analytical and numerical approaches for estimating
bearing capacity and settlement of soft soils improved by
stone columns have been proposed. The analytical method
after Priebe (1976, 1995) is commonly used to predict the
settlements, using the unit cell approach, where a single
column with the influenced soil zone is modeled in axisym-
metric conditions. Methods based on the assumption of lin-
ear elastic behaviour of the gravel pile-soil system, seem to
overestimate the settlement reduction. Dheerendra Babu et
al (2013) reported and commended analytical methods
based either on elastic or elastoplastic gravel pile and soil
models.

Several factors, which influence the improvement, as the
gravel pile and soil stress-strain relationship, boundary con-

ditions, rigidity of the foundation surface, etc, can be mod-
eled during the application of the finite element method.
However, most of the cases are analysed by the simple ax-
isymmetric simulation or the plain-strain one, mainly due to
practical reasons. Comparative analyses under 2-D and 3-D
conditions after Elshazly et al (2008), verified that the unit
cell analyses, lead to inaccurate estimation of settlements,
in some cases, therefore settlement correction factors must
be applied, when 2-D F.E. simulations are performed. Ex-
tensive three-dimensional F.E. analyses were presented by
Andreou (2009) for representative stone column groups and
comparative results as well, from 2-D axisymmetric ones.

In the present paper the case of soft clayey soils improved
by stone columns is examined. From the results of 3-D and
2-D finite element analyses, useful conclusions may be
drawn, regarding the effect of several parameters on the
settlement reduction ratio.

2 F.E. SIMULATION AND SOIL PARAMETERS

The detailed parametric 3-D analyses are carried out on
group configuration of gravel piles on square grids, using
the F.E. codes ABAQUS and PLAXIS 3D. Two basic cases are
investigated in the present paper, as shown in Figure 1:
Case A: The uniformly distributed pressure q, is immediate-
ly applied through a rigid plate on the improved soil surface,
while the gravel piles are based on a rigid layer underlying
the soft clay’s one. Case B: The pressure q is applied on a
gravel blanket and the loading area is assumed either rigid
or perfectly flexible. The stone columns are based on hard
clay.
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Figure 1. Geometrical model of the presented vases: Stone
column grid 6*6 or 8*8.

In both cases A and B, the examined stone columns square
grids are 6*6 or 8*8 (36 or 64 stone columns totally). The
diameter of the stone columns in any case is assumed con-
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stant (dc=0.80 m), in Case B d=d. is considered, while the
center to center spacing s is varied 1.6 m-3.2 m. Therefore,
the normalized spacing is s/d.=2-4 and the replacement
ratio of the improved soil, a;=0.05-0.196.

The thickness of the compressible clay layer (equal to the
gravel pile length) varied in the range of: L=6 m-20 m. In
any case, the ratio B/L (where B is the width of the loading
area) depends on the ratio s/ds and the length L, as well.
For the larger ratio s/ds =4 and the lower L value, the load-
ing conditions of the improved soil are almost 1-D ones.
However, in most cases 3-D deformation conditions are
clearly developed.

Several cases of the soft clay parameters were examined,
mainly regarding the variation of shear strength with depth.
The presented analyses are carried out by the simplest as-
sumption of constant undrained shear strength over the
thickness L. The investigated range of the used geotechnical
parameters is given in Table 1. The ratio of the moduli of
elasticity (gravel pile and clay) ranges between E/E=15-
100. The comparative analyses under axisymmetric condi-
tions (according to the unit cell model) are performed by
the F.E. codes ABAQUS and PLAXIS V8.6. In the latter case
15-node finite elements were selected. In both 3-D and 2-D
axisymmetric analyses, firstly the settlement so of the soft
clayey soil without any improvement is calculated and the
final settlement s¢ of the reinforced soil by the stone col-
umns, thus the settlement reduction factor B (equal to so/sf)
is resulted in any case.

Table 1. Range of geotechnical parameters used in F.E.

analyses.
Description Bulk Strength Elastic parameters
density parameters
Y () e v E,,E,
(kN/m?) (kPa) (MPa)
Soft clay 18 0-2 2050 03-04  4-10
Stone 20 37-43 1 0.25 60-400
columns
Hard clay 20 0 200 0.30 60

3. THREE DIMENSIONAL NUMERICAL RESULTS

It is well known that the replacement ratio as (or the nor-
malized distance s/d. in case of rectangular grid) and the
angle of internal friction of the stone column ¢ . results in a
remarkable improvement of the composite system. It is also
shown that an increase of the normalized distance results to
the significant decrease of the settlement reduction factor 3,
especially in the range of s/d.=2-3.

It seems from the analyses, that for a given value @', the
factor B increases when the undrained shear strength of the
soft clay decreases. It is also clear from Figure 2 that the
reduction factor B depends on the applied pressure gq. The
non-linear behaviour of both the stone columns, as well as
the soft clay and especially the development of plastic zones
and deformations by the increase of the loading, affect the
relationship B-q/c..

Furthermore, the relationship between the applied pressure
q (through a rigid plate) and the unique settlement of the
surface, s, is a cumulatively presented in the specific case
of Figure 3 for the soil without improvement and two cases
of the ratio E./Es, as well.

Three parts of the diagrams can be distinguished, as fol-
lows:

Part I: For very low pressures q, both the stone columns
and the soil’s behaviour is almost linear elastic, so the set-

tlement reduction factor has relatively high values, similar
to those provided by the elastic theory. For the higher value
E./Es is also higher, although these differences are not clear
in Figure 3 due to the scale of the settlements.
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Figure 2. Influence of the normalized stone column
spacings on the settlement reduction factor: Case A, L=12
m, grid 6*6, E./E;=15.
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Figure 3. Comparative pressure-settlement diagrams:
¢,=30 kPa, grid 8*8, H=12m, s/d.=2,0.

Part II: The increase of the loading q results in the devel-
opment of plastic zones, near the heads of the stone col-
umns, due to stress overconcentration. In Figure 4a, these
zones are shown for normalized pressure g/c,=1.33. The
soil for such loading, even in case of not any improvement,
remains in the almost linear range, thus the factor B is
slightly decreasing. For higher loading values, due to non-
linear response of the soil, the factor B remains almost con-
stant or slightly increases.

Part III: For high loading values, the not improved soil ap-
proaches the limit equilibrium. Additionally, the rate of in-
crease of the settlements is higher than this of the stone
columns. As a result, the settlement reduction factor in-
creases, reaching high values. The distribution of plastic
zones for q/c,=6.33 is shown in Figure 4b.

The effect of the normalized pressure and the ratio of
moduli of elasticity E//Es on the factor B are presented in
Figure 5. The abovementioned three parts of the diagrams
are clearly presented, as well as the very important effect of
the normalized loading g/c, on the settlement reduction
factor, B. The effect of the ratio E/Es is significant, only at
low pressures, q and it seems that for higher values qg/c,,
the vertical displacement of the stone columns is governed
mainly from the plastic deformations and not from the
modulus of elasticity E. at the linear elastic area.
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In case of flexible loading area, the settlement reduction
factor, B depends on the point of reference and could be
defined as the ratio of max s,/max s;, where the maximum
settlements, without and after the improvement, corre-
spond to the center of the grid. From Figure 6, important
differences between a rigid and a perfectly flexible loading
area resulted, only for high values, g/c,.
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Figure 4. Development of plastic zones, case B, s/d.=2:
a) g/c,=1.33, b) q/c,=6.33.
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Figure 5. Effect of the normalized pressure on factor B:
Case B, grid 8*8, H=12m, s/d.=2,0.

The effect of the ratio B/L (B is the width of the square
loading area) is examined for various lengths of the stone
columns (L=6 m, 12 m and 18 m), keeping the constant
value B=16 m. From Figure 7, it can be concluded that for
the lower length (higher B /L ratio) the factor B is calculated
with the lower values. In contrary, higher values B, corre-
spond to geometrical conditions, clearly triaxial.
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Figure 6. Effect of the flexibility of the loading area on the
factor B (E./Es=25).
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Figure 7. Effect of the length of stone columns on the fac-
tor B: @ '.=43°, E//Es=25.

4. COMPARISON OF THE RESLUTS FROM 3-D AND UNIT
CELL

Due to the complexity of 3-D F.E. analysis, most cases of
soil improvement, using stone columns are presently stud-
ied by axisymmetric finite element computations. Other-
wise, it is the analytical method of Priebe (1995) that is
commonly used to predict the settlements of the composite
system, consisting from a single gravel pile and the sur-
rounding soil. Both methods are based on the simulation of
unit cell, where the main parameter affecting the settlement
reduction factor, B, is the replacement factor, as. The re-
sponse of the improved soil under 3-D conditions is quite
complicated. Several parameters have minor or major effect
on the settlements of the composite system and on the re-
duction factor, as follows:

i) The non-linear relationship s-q in both the clayey soil
without any improvement and the reinforced one.

ii) The development of relatively high horizontal displace-
ments under the perimeter of the loading area, both in case
of improved soil (Figure 8) and the untreated one.

iii) The non-uniform distribution of the vertical stresses on
the pile’s heads, depending on the location of each of them
(either near the center or at the perimeter of the grid).

On the other hand, in case of unit cell, several hypotheses
seem unrealistic in some cases, as:

i) The conditions are similar to 1-dimensional compression,
where the bearing capacity of the system is out of interest
and the settlements are almost proportional to the applied
loading q.
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ii) The outer boundary of the model is assumed as rigid. In
this way, no horizontal displacements take place under the
perimeter.

I
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A Y o Y
h 0 o e
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Figure 8. Horizontal displacements in case of B/L=0.67
(simulation of a quarter of the loading area).

The effect of the normalized spacing (center to center), s/ds
on the settlement reduction factor, B, either from 3-D anal-
yses or 2-d ones (unit cell), is presented in Figure 9. The 3-
D analyses are carried out for a grid 6*6 stone columns and
L=12 m, therefore the ratio B/L varies in this case, between
0.8-1.6. The axisymmetric analyses are performed using
the program PLAXIS V8.6 (comparative analyses by the
code ABAQUS resulted in almost identical B values).
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Figure 9. Comparison of 3D and unit cell analyses: Case A,
L=12 m, grid 6*6, E./Es=15.

The following inferences can be drawn from Fig. 9:

a) 2-D analyses underestimate the reduction factor, B. The
differences from the 3-D ones are higher for lower s/d. val-
ues.

b) Factor B is highly depended on the loading level (qg/c.).
In contrast, neither the unit cell assumptions nor the ax-
isymmetric analyses correlate the degree of improvement
with the g values.

c) Although the 2-D analyses resulted in higher values of
the factor B than the Priebe’s method, generally the differ-
ences aren’t remarkable.

Similar results were reported by Andreou and Papadopoulos
(2014), by comparison of measured and back calculated
settlement reduction factors.

5. CONCLUSIONS

From 3-D parametric analyses, it can be concluded that
apart from several factors affecting the settlement reduction
of the improved clayey soil by stone columns, other param-
eters as the loading level and the ratio B/L have also a quite
significant effect. Three distinct parts of the diagrams relat-
ing the reduction factor B with the normalized pressure g/c,
can be distinguished, the higher B values corresponding to
the first and third of them.

The ratio of modulus of elasticity E.//Es has a significant im-
pact on the B ratio, only at relatively low loading levels,
where the response of the composite system is almost line-
ar elastic.

The results from well known methods based on the unit cell
model seem that they underestimate the improvement de-
gree, while they ignore the effect of the loading level. How-
ever, the deviations from the 3-D F.E. results become insig-
nificant, as the conditions approach the 1-D ones (high B/L
values) and the ratio g/c, obtains lower values.
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Slope instabilities in clayey marls: two case
studies

Glissement de Talus en Marnes Argileuses: Deux cas
examinés

K.Papadopoulou and G.Gazetas

ABSTRACT Two cases of slope failures are analysed in con-
junction with some factors affecting the instability of clayey
marls, such as the pore pressures due to the rain infiltra-
tion, the weathering and the residual strength mobilization
along pre-sheared surfaces. The first case concerns a failure
of a major cutting 20-25 m deep, excavated during the
earthworks for a new highway. The pleistocene deposits
mainly consist of very stiff to hard clayey marls of high
plasticity containing sandy thin layers and intercalations.
Joints, which have unfavourable dip directions, were report-
ed in some cases, while the failure was triggered by exces-
sive water pressures after a period of heavy rainfalls. The
second case refers to a major 30 m high slope failure, dur-
ing construction. The plio-pleistocene deposits of the area
consist from an upper very stiff marly clay layer, with sandy
horizons weakly cemented and the underlying neogene hard
marl. The failure, which was developed along a pre-sheared
surface and was mainly triggered by the high water pres-
sures, before any dissipation through toe drainage could
ameliorate the situation.

1 INTRODUCTION

In overconsolidated clays or even clay shales and very weak
rocks, factors as time-depended softening, weathering and
strain-depended weakening influence the long term stability
of slopes and contribute to delayed failures.

On the other hand, in such soil formations slope failures are
usual during the construction or shortly after this, if high
water pore pressures develop after intense rainfalls. Several
factors affecting the slope stability of slopes in very stiff or
hard soils have been investigated by many researchers.
Picarelli (2013) concluded that the combination of peculiar
features as weak bonds, fissuring and easy deterioration
result in high landslide susceptibility. The effect of the pres-
ence of thin sand layers within a hard till formation was
investigated by Orr (2013). The significance of the residual
strength of clays in landslides was underlined by Skempton
(1985), while Tika (2013) reviewed the main factors influ-
encing the residual strength of cohesive soils, especially in
overconsolidated ones with pre-existing shear zones. The
importance of the anisotropy in the case of instability in
hard soils or weak rocks has been reported by Simic (2013).
Sotiropoulos and Cavournidis (1981) reported a case of
progressive failures of slopes in clayey marls, attributed to
an irregular stress-strain relationship, where the shear
stresses passing to the softening side without ever reaching
the anticipate peak strength. Alexandris et al (2011) pre-
sented a case of failures (end of construction) of slopes in
clayey marls.

Nowadays, several advances lab or in situ methods are
available to investigate the stability of slopes in such for-
mations and analytical tools, as well. However, as it is now
widely recognized, case studies are more likely to contribute
in solving these problems than theoretical or laboratory
work only (Popescu, 1997).

In this paper two slope failure cases in clayey marls are
revisited and analyzed.

2 CASE 1: INSTABILITY OF SLOPES IN TECTONIZED AND
WEATHERED CLAYEY MARLS

2.1 Brief history and geology

The project refers to a motorway in Greece, which was con-

structed 20 years ago. The axis of the road crosses a region
covered by lacustrine plio-pleiostocene deposits up to great
depth, consisting mainly of clayey marls or marls with thin
layers of sandstones and/or marly limestones. In some lo-
cations of the region the marls are covered by fluvial Pleis-
tocene deposits, consisting by mixtures of clayey silt and
sand. The deposits are tectonized, so many minor or major
faults were recorded in several positions, while the upper
soil layers are intensely weathered in many cases.

Although the relevant geotechnical-geological investigations
concluded that caution and special measures should be ap-
plied in specific locations, generally the slopes were con-
structed by a unique inclination 2:3 (height over length),
benches 8 m high with no support.

In the revisited case under consideration, a major failure of
a slope 24 m high is presented and backanalyzed, which
took place in a location with unfavourable dip direction, but
triggered by the water pore pressures after continuous and
intense rainfalls, just at the end of excavation. The slip sur-
face passing at the toe of the lower bench, had an almost
cylindrical shape and was rather shallow.

2.2 Geotechnical conditions

From the relevant boreholes executed in the location of the
failure, prior to any excavation, from the natural surface,
mainly clayey marl was met with layers of sandy clay or
clayey sand and intercalations of slightly cemented silty
sand or sand. No water table was met during the drilling (up
to 30 m depth), nor was it reported later on the installed
piezometric pipes. At the upper 6-8 m the cohesive layers
are dominated, while deeper, down to 30 m the presence of
cohesionless thin layers in-between the marl is frequent.
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Figure 1. Shear strength envelopes from direct shear CU
tests a) Samples CH, b) Samples SC-CH.

In almost all cases the examined samples from the clayey
marls were classified as clay of high plasticity (CH) with
high values of the liquid limit reaching LL= 100 approxi-
mately. The SPT blow counts were found to be 25<N<40 in
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most cases, while in the sandy intercalations reached much
higher values. Moreover, a significant scatter was observed
from the shear strength tests. The Mohr-Coulomb failure
envelopes from CU direct shear tests are presented sepa-
rately in cases of clayey marl CH and sandy samples SC-CH
in Fig.1a and 1b, respectively.

2.3 New back analyses and comments

Just after the slope failure, back analyses were performed in
order to design remedial measures and to improve the sta-
bility conditions at nearby positions. Those analyses were
performed by the simplified Bishop’s method. Using the F.E.
program Plaxis V.8, the analyses were based on the original
geometry before excavation, the available geotechnical data
and the observations or information after the slope failure.
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Figure 2. Four cases of temporary flow regime.

One of the main advantages of such a F.E. analysis is the
capability to examine the effects of various probable flows,
on the global safety factor, since the failure was attributed
to the pore water pressures development. Temporary water
flows, as in Figure 2, through the upper marly layers were

analysed, taking into account that no water table existed,
but the infiltration of the rain water from the intensively
weathered surface soil zones seems certain. In any case,
the ratio of coefficients of permeability at the horizontal and
vertical direction was assumed kn/ky=2.

In the upper layer, I, 6-8 m thick, constant geotechnical
parameters were considered, while in layer 1I, several com-
binations of the shear strength parameters were used, in
the range shown in Table 1.

Table 1. Geotechnical parameters used in F.E. analyses

Bulk Strength parameters Coefficient of
density permeability
Layers v o () ¢’ (kPa) k. ky
(KN/m®) (m/s) (m/s)
I 19 20 25 1.2:10°  2.4-10°
Ila 16 2933 5-15 0.6-10° 1.2:10°
IIb 16 29-33  5-15 0.6-10%  1.2-10"

The global safety factor SF for any case was estimated by
the strength reduction method, which in case of Mohr-
Coulomb criterion results in the so-called: "@-c reduction".
The effect of cohesion of the main second layer II on SF,
depending also on the flow regime of any case, is presented
in Figure 3. For comparison reasons, the case of fully
drained slope (no water pressures development) was add-
ed.
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Figure 3. Effect of ¢c';; on the global safety factor for vari-
ous cases of flow net (¢ 'y=31°).

Taking into account that flow-net cases 2, 3, 4 are most
probable than case 1, it may be concluded that a mean co-
hesion value ¢’y = 5-10 kPa wasn’t enough to prevent the
slope failure under the abovementioned conditions. Fur-
thermore, it is also concluded from Figure 1b that the prob-
able range of the cohesion from the lab tests is ¢’y = 8-10
kPa.

The failure mechanism from the F.E. analyses is illustrated
for the three first cases of flow nets in Figure 4. Conse-
quently, it generally matches quite well the actual one.

3 CASE 2: LANDSLIDE ALONG A PRESHEARED SURFACE
3.1 Brief history and geology

The case refers to a major slope failure during the construc-
tion of a motorway in the island of Crete, Greece, crossing a
marly formation. The bedrock consists of miocene marly
limestone or hard marls covered by pleistocene lacustrine
clayey marls and fluvial marly clays, and/or mixtures of
clay, sand and gravels. In the past, instabilities of the natu-
ral slopes had been reported, which were attributed to
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movements of the upper weathered mantle (4m thick), due
to the temporary recharge of the water level from the
springs of the area. The excavations were constructed in a
dry period, mostly with two or three benches, each 8 m
high. Before the completion of the excavation of the lowest
bench (about 4 m above the final level), the first tension
crack appeared at the crest of the higher one.
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Figure 4. Three cases of slope failure mechanism from F.E.
analyses (plastic zones in S.F. =1).

The slump type failure extended upwards far enough from
the excavations, where the main scarp was developed. Fur-
thermore, the failure was triggered by the infiltration of
water uphill of the excavated slopes, but it was attributed to
the unfavourable coincidence of some other factors.

3.2 Geotechnical conditions and back analyses

The upper soil layer (I), 2-5 m thick is weathered consisting
of marly or clayey sand and disturbed soil materials. The
main layer II has 6-8 m thickness and consists from
overconsolidated marly clay CL-CH stiff or very stiff. The
underlying Pleistocene marl (layer III) appears as hard O.C.
clay CL-CH. The geotechnical investigation, which was car-
ried out just after the landslide, focused on the shear
strength of the second layer, since the failure surface, ac-
cording to the observations, was developed at the contact
with the marl (III).

The range of the shear strength resulted either from direct
shear CU or triaxial CD tests on samples of the main layer
II, is given in Figure 6. The results from residual strength
tests and direct shear test on presplit samples, indicate a
low residual "cohesion" in the order of ¢’ = 9 kPa and ¢ ' ,=
20°-28° for the effective overburden stress level at the con-
tact surface (Figure 7).
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Figure 5. Case 2: Tension cracks and secondary scarps on
the benches.
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Figure 6. Shear strength envelopes from lab tests on marly
clay (II) samples.

SHEAR
)
o

0 syl Back analyses ($'=20°, c'=9 kPa)

50 100 150 200
NORMAL STRESS, a° (kPa)

Figure 7. Residual strength of the marly clay (II) samples.

By the new back analyses, using the F.E. program Plaxis
V.8 firstly, the effect of the ground water regime in conjunc-
tion with several combinations of the shear strength param-
eters on the failure mechanism is investigated.

Even taking into account the lowest of the @', ¢’ parame-
ters of the layer II, which is considered as homogeneous
one, according to Figure 6, it was not possible to explain the
slope failure.
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In contrast, simulating the contact surface between layers
IT and III, as an interface with reduced shear strength, in
the order of the residual parameters or even lower (c',= 9
kPa and ¢ ',=20°-28°), for various possible flow nets, the
resulted global safety factor approached the value SF=1,
during the excavation of the lower bench.

An indicative case of the analyses, which simulates a repre-
sentative cross-section is shown in Figure 8. The mode of
failure from these analyses approaches well the observed
surface, at the crest of the excavation, which extended up-
hill at a relative high distance.

2,00 om 200 a0 oo e L) 10080 1200 g 08 .00 .00

Figure 8. Flow regime and failure mechanism of the slope.
4. CONCLUSIONS

The trigger of slope failures in cases 1 and 2 was the exces-
sive water pressures after a period of intense rainfalls and
the unexpected infiltration and rise of the water table, cor-
respondingly. However, the main reason of the first case
failure was the presence of tectonized and intensely weath-
ered clayey marls in a part of the excavations, while in the
second the pre-sheared contact surface between the hard
marl and the overlying stiff marly clay.

In both cases the back analyses using F.E. method, appro-
priate strength parameters and in situ observations can
justify the mechanisms of failures quite well. Nevertheless,
it is quite difficult to predict the behaviour of slopes, to be
excavated in the design phase, taking into account the sig-
nificant scatter of the shear strength parameters, the
weathering effect, the strain-dependence on the residual
strength, etc. As it is well known, in such cases, the engi-
neering judgment, the appropriate evaluation of any infor-
mation and the attention to "detail" are of peculiar interest.
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Dynamic properties of gravel - recycled rubber
mixtures: resonant column and cyclic triaxial
tests

Propriétés dynamiques de mélange de gravel-
caoutchouc recyclé a l'aide des essais a la colonne
résonnante et triaxiale cyclique

G.-A. Pistolas, A. Anastasiadis and K. Pitilakis

ABSTRACT: Strain-dependent shear modulus and damping
ratio of poor-graded gravelly soil mixtures with granulated
rubber, composed of recycled tire chips, are examined. On
this framework, resonant column tests were performed on
saturated specimens rubber percentage ranging between
0% and 60% by mixture weight; the ratio of the size of
rubber versus gravel particles is equal to 0.7. Cyclic triaxial
tests were also performed on identical specimens. A set of
equations is proposed to describe the observed behaviour
and the results are compared with previous studies. The
effect of rubber content is discussed both in terms of small-
strain shear modulus (Go) and small - strain damping ratio
(Do), as well as in terms of strain - dependent dynamic
properties in the form of G/Go - y - D/Do curves.

1 INTRODUCTION

Experimental and theoretical studies during the last two
decades have indicated alternative and interesting applica-
tions regarding the use of granulated rubber as a light-
weight material in civil engineering structures, to improve
the behaviour of geo-structures and foundations in static
and dynamic loading. Granulated tire rubber materials com-
posed of recycled tire shreds is used in clean form or in
mixtures with granular soils in cases the reduction of the
vertical and/or horizontal loads or earth pressures is re-
quested. Recycled rubber materials mixtures with soils
(mainly sand and gravels) have been also proposed as a
mean to reduce vibration amplitudes and potentially to act
as a short of seismic isolation layer.

2 MATERIALS TESTED AND TESTING PROGRAMME

The effect of rubber content in granular soils in terms of
material stiffness, strength and damping has been studied
through means of resonant column testing (Feng & Sutter,
2000; Senetakis et al., 2012; Anastasiadis et al,. 2012,
Tsinaris et al., 2014), monotonic tests (Zornberg et al.,
2004; Venkatapparao & Dutta, 2006; Pistolas et al., 2014),
cyclic triaxial testing (Nakhaei et al., 2012; Pistolas et al.,
2014), direct shear testing (Hazarika et al., 2012; Mohamad
et al., 2013) and shaking table tests (Xiong et al., 2011),
giving promising results as for the expediency of the im-
plementation in civil engineer applications as a backfill, em-
bankment or ground improvement material.

In this study, the effect of rubber content in gravel-rubber
mixtures is examined by means of resonant column and
cyclic triaxial testing. The small strain shear modulus (G,)
and damping ratio (D,) are derived and their variation with
rubber content, shear strain amplitude and confining pres-
sure is presented. A modification of available equations
from the literature describing the dynamic properties of
soils in a wide range of shear strains y and rubber content
is proposed in order to capture the observed behaviour of
the mixtures of the current study.

2.1 Materials tested

Table 1 summarizes the physical characteristics of the par-
ent gravel material (C1D4), which is a typical quarry mate-
rial. Only the particles restrained from sieve No4 are used
to achieve a uniformity coefficient equal to 1. The rubber
material (R3) comes from recycled tires and consists of
grains with mean size Dsg= 3.38mm. The mean grain size
ratio of the materials tested is Dso,/Dso,s=0.7.

Table 1. Properties and classification of physical and syn-
thetic materials used.

Properties/Data Physical Materials Synthetic Materials
(Gravel) (Rubber)

Material code C1D4 R3
G,, gn"cm1 2.67 1.10
Doy, mm 4.76 4,75
Dsgy, mm 4,76 3.38
C, 1.00 1.68
Ce 1.00 0.96
Classification SpP Granulated Rubber
Yamaxs KN/mM? 17.4 6.1

 Yamin, KN/m’ 11.8 4.2

2.2 Specimen preparation and testing

In total 12 saturated specimens are tested by means of
resonant column and cyclic triaxial tests. The dimension of
the specimens is 70x140mm. First 6 specimens, as shown
in Table 2, are tested in resonant column apparatus and
then 6 identical specimens are tested in cyclic triaxial appa-
ratus to reach higher strain level. The maximum shear
strain imposed is about 2%. The specimens are tested over
a wide range of confining pressures: 25kPa-50kPa-100kPa
and 200kPa. For the compaction of the specimens dry
tamping method is used and the relative density is kept
constant, about D, ®70%. The void ratio of the specimens is
shown in Figure 1. The rubber content in the mixtures rang-
es from 0% to 60% per mixture weight (Table 1) and as it
is expected, the specific gravity of the specimens is reduced
as the rubber content increases. For the given relative den-
sity, the void ratio of the materials ranges between 0.76
and 0.87. The equivalent void ratio e, as proposed by
(Feng & Sutter, 2000) increases as the rubber content in-
creases (Figure 2), and is calculated as:

V, .. +
e = voids Vruhhcr ( ] )
eq V

soil

Table 2. Tested mixtures and specimens.

specimen Code Kubber Tds ¢ V. Yo

content, %  kN/m’
C1D4 100 0 15.4 088 0.9-1.4:-10"
CI1D4/R3-90/10 10 13.3 0.74 1.2-6.4-10"
CID4/R3-85/15 15 12.6 073  1.2-62-10"
CID4/R3-80/20 20 11.8 073  1.7-39-10%
CID4/R3-60/40 40 9.1 0.85 9.1-107%-16.8-10°
CID4/R3-40/60 60 73 0.65 9.0-16.8-10°
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Figure 1. Void ratio to rubber content variation.

3 EXPERIMENTAL RESULTS AND ADOPTED MODEL

TA NEA THZ EEEEI'M - Ap. 93 - AYTOYZTOZ 2016

ZeAida 12



3.1 Experimental results

The experimental results show a constant decrease of the
shear modulus G and an increase of the damping ratio D
with increasing rubber content, as presented in (Figure 2).
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Figure 2. G-y-D experimental results, ¢’ »=50kPa and
100kPa.

The rate of increase of the shear modulus G with mean
pressure decreases as the rubber content of the mixture
increases. This can be observed from the comparison of the
initial values of G at different mean pressures (50 & 100
kPa), as presented in (Figure 2). The mixture becomes
more stress independent, in terms of shear modulus, as the
rubber content increases, which can be attributed to the
deformability of rubber grains.

The rate of decrease of the shear modulus G and the rate of
increase of the damping ratio D with shear strain, reduces
as the rubber content and mean confining pressure increas-
es. The tested materials reach a rather constant maximum
damping, approximately equal to 20%, for rubber content
up to 20% per weight. For rubber content 240% the maxi-
mum damping occurs lower than 20% in the shear strain
range of this study. The adapted hyperbolic model, as pre-
sented later, shows a tendency to reach higher values of
damping than the parent material but at relatively high
strain (y>2%), even higher than the strain reported for
sand/rubber mixtures by (Senetekis et al. (2012)) and also
observed experimentally by (Pistolas et al. (2014)). The
observed damping threshold is attributed to the fact that
the rubber grains are smaller than the gravel grains. This
leads to a soil-like behaviour of the material and the damp-
ing at high strain level is governed by dislocations of gravel
grains. For rubber content >40% per weight, rubber like
behaviour occurs, as it is also observed by (Kim &
Santamarina, 2008) and the damping of the mixed material
is mainly affected by the deformability of rubber grains. As
a result, the D-y curve becomes more linear at low-medium
strain level. An increase of damping occurs at high strain
level that dislocation of the rubber grains may occur. This
tendency is captured by an abrupt increase of the proposed
D-y curves for mixtures with rubber content >40% per
weight at high strain level.

3.2 Adopted Model

The main parameters affecting the mechanical behaviour of
the mixtures are the mean grain size ratio of the mixed
materials (Dso,/Dso,s), the rubber content r, (rubber per-
centage per mixture’s weight), the equivalent void ratio
(eeq) and the uniformity coefficient of the gravel material
(Cus). It is noted however that the effects of the uniformity
coefficient and the mean grain size of the rubber material
on the mechanical properties of the mixtures, are consid-
ered of lower importance due to the high deformability of
the material.

Considering this remark the proposed model is mainly gov-
erned by the rubber percentage per mixture’s weight, r
(%), the equivalent void ratio of the mixture e, the prop-
erties of the initial gravel material (mean grain size Dsqs
and uniformity coefficient C,s) and the mean confining
pressure, Om .

To account for the rubber content of the mixtures the initial
shear modulus Go and damping ratio D,, are derived by
modifying the equations proposed by (Menqg, 2003) as fol-
lows. The value of C,s=1.0 for the tested materials leads to
elimination of the influence of C,s. Moreover for r =0 the
values for the initial gravel material are obtained.

/' N\l
x 1O | _—

— aoa = 172 " R
G,=115-C"7 e’ .| =] -R, (2)

D, = 28(::::, D;(‘;s |
where p,=101.325kPa and:
n,.=0.6-C*” —0.0009-r (4)

R ——0511+—>2 1 1.1+2-0978") (8
P L 60+0.2rJ( ) @)

where: p,: atmospheric pressure (101.325kPa)

The proposed equations for Go and Do of the gravel/rubber
mixtures of this study are presented in (Figure 3). The ex-
treme values of Do for rubber content 40%, as shown in
(Figure 3), are not considered as there are technical re-
strictions in measurements with resonant column in such a
soft material. The equations proposed by (Senetakis, 2012)
have been derived by resonant column tests on sand/rubber
mixtures with maximum rubber content 35% per weight. In
(Nakhaei, 2012) cyclic triaxial tests were performed on
sand/rubber mixtures with rubber content up to 14% per
weight. In this study the resonant column tests are further
complemented by cyclic triaxial tests covering a greater
range of rubber content, up to 60% per weight. As it is ob-
served, G, tends to decrease more rapidly with rubber con-
tent 240% than estimated by the aforementioned literature
(Senetakis et al.,, 2011; Nakhaei et al.,, 2012) for
sand/rubber mixtures. Moreover it has been observed that
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Do increases even for rubber content up to 60% per mix-
ture weight.
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Figure 3. G,,D, - Experimental results and proposed equa-
tions.

The proposed G/G,-y-D/D, curves are based on modification
of the (Darendeli, 2001) equations, accounting for the rub-
ber content of the mixtures as follows.

AN I )
(JO Yref.r
where:
0.0049 \"
Vors =7op -0.438:1.079.| S (10)
P,
.05 M
Yo =0.12-C%° Om (11)
P,
a, =a-(5-107-(r—100)" +0.5) (12)
a=0.86+0.1log (;— (13)

Equation (9) for the normalized shear modulus is a function
of the modified reference strain, Yrerr [%] and the modified
curvature coefficient, ar. Both of them account for the rub-
ber content effects via the parameter r [%]. The D/Do-y
curve is defined as:

T —dy

D-D (1.4-1.003 ~0.4-10™)  (14)

D—-D; =Dp,ende

u LAAICiiag

p—

where Dparendeii is taken from (Darendeli, 2001):

0.1
G
Darendeli — b-| — DMa sing,correct ( ] 5)
0
b =0.6329—0.0057 - In(N) (16)
Masing, correct =6¢- D_\*Iasing + C,: Di’lﬂsing + %N Dif{aqin_u ( I 7)

N is the number of loading cycles, while the Massing damp-
ing model parameters are calculated as:

c,=—11143-a* +1.8618-a +0.2523
¢, =0.0805-a* —=0.0710-a —0.0095

¢, =—0.0005-a” +0.0002-a +0.0003

Figures 4 and 5 depict the G/G,-y and D/D,-y curves for the
tested materials at om ' = 50 kPa. The influence of the rub-
ber content in the degradation curve of G/G, is evident,
leading to more linear shape of the curve, as also observed
by (Senetakis, 2012). The same behaviour is observed in
D/Do-y curves, where the rubber inclusion results in limited
increase of the initial damping ratio. This trend has been
also observed for sand/rubber mixtures by (Pistolas et al.,
2014). The granulated rubber acts partially as a granular
material in which grains are dislocate although the rubber
material itself does not present shear modulus degradation
in such a low strain level. This fact leads to greater degra-
dation of G than estimated by equations from the literature.

The divergence of the estimated behaviour of the mixtures,
in terms of G/G,-y, D/D.-y curves, between the proposed
model and the literature stems from the fact that in the
current study (a) the tested specimens are saturated, (b)
the parent material is gravel soil, (c) the proposed model is
based on experimental results from both resonant column
and cyclic triaxial and (d) the rubber content investigated
covers a greater range of shear strains.

As mentioned, in (Nakhaei et al., 2012) the proposed G/G,-
y curve was based on cyclic triaxial test results on saturated
gravel/rubber mixtures with rubber content up to 14% per
weight. In (Senetakis et al., 2012) dry sand/rubber mix-
tures with rubber content up to 35% per mixture weight
were tested, using resonant column. In the current study, a
greater range of rubber content is tested and the behaviour
of the mixtures is investigated for rubber content even up
to 60% per mixture weight, allowing for a more compre-
hensive insight of the cyclic behaviour.
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Figure 4. G/G,-y: Experimental results and proposed mod-
el.
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Figure 5. D/D,-y: Experimental results and proposed mod-
el.

The observed differences between the cyclic triaxial and the
resonant column tests at small strain levels is mainly due to
the limitation of the two testing methods. The complete set
of experimental data of the current study allows for a con-
sistent estimation of the materials’ behavior and an accu-
rate adaptation of the exploited model from small strains
(y=< 5-10-2 %), based on resonant column test data, up to
large strains (y= 2%) based on cyclic triaxial test data, for
a wide range of rubber content.

4 CONCLUSIONS AND DISCUSSION

In the present study the effect of rubber content on G,, D,
and G/G,-y, D/Do-y curves is investigated by means of res-
onant column and cyclic triaxial tests, considering a wide
range of shear strain amplitudes up to 2%. The results
show that the increase of rubber content leads to decrease
of G, and increase of D,. The variation of G/G, and D/D,
with shear strain vy, is affected by the rubber content, show-

ing a tendency to become more linear when the rubber con-
tent increases. Results from cyclic triaxial tests indicate a
threshold for the upper value of damping ratio of the mix-
tures, approximately equal to 20%, for rubber content up to
20%. This threshold is defined by the gravel material of the
mixture as the damping mechanism is mainly governed by
the gravel grains dislocation.

The observed experimental behaviour is modeled by analyt-
ical close form relationships modifying the equations of
(Meng, 2003) for G, and D, values and those of (Darendeli,
2001) for G/G,-y and D/D.-y curves. The rubber material is
taken into account via the rubber content per mixture
weight parameter r [%] and the equivalent void ratio eq
(Feng & Sutter, 2000). The properties of the parent material
(Cus and Dsos) affect the results of the normalized shear
modulus and damping ratio curves.
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Vulnerability assessment of buildings exposed
to co-eismic permanent slope displacements

Evaluation de la vulnérabilité des batiments exposes
aux mouvements sismiques des pentes

K.D. Pitilakis and S.D. Fotopoulou

ABSTRACT A coherent approach is presented to evaluate
the seismic vulnerability of buildings founded on precarious
landslide slopes. In the first part a set of new predictive
analytical expressions for assessing the coseismic displace-
ments of slopes is presented and compared with existing
empirical models generally referred to as Newmark-type
models. Advanced statistics of a comprehensive set of nu-
merical results allowed the derivation of analytical predic-
tive expressions of the coseismic slope displacements with
the best-correlated scalar and vector intensity measures
(IMs) describing seismic hazard and site effects. In the se-
cond part of the paper an analytical method for assessing
the vulnerability of RC buildings subjected to seismically
induced slope displacements is presented. The methodology
is based on the derivation of generic probabilistic fragility
functions for typical reinforced concrete (RC) buildings con-
sidering the slope inclination, the height and the soil mate-
rial of the precarious slope. The vulnerability is finally as-
sessed through a vulnerability index d, depending on the
estimated probabilistic co-seismic slope displacements. The
new predictive analytical expressions can be used in engi-
neering practice while the general methodology for the vul-
nerability assessment can be extended to any type of build-

ing.
1 INTRODUCTION

Strong earthquakes can trigger permanent ground dis-
placements and massive soil movements in landslide prone
areas. Their impact on the built environment, the function-
ality of utility and lifeline systems, and finally to the human
lives and economy, may be equal or even higher than the
impact of the ground shaking itself. Marano et al. (2010)
observed that landslides are both the most abundant and
the most deadly earthquake-induced secondary effect, be-
ing responsible for 71.1% of the nonshaking deaths. Ac-
cording to Wen et al. (2004), around 20% of the registered
landslides are triggered by earthquakes. In particular, many
seismically active countries around the world present rec-
ords of slope failures causing important damages and casu-
alties (e.g. Yin et al. 2009). In landslide seismic risk as-
sessment, it is the extent of permanent ground displace-
ments, and not the factor of safety, that is the most im-
portant parameter, since the assessment of landslide poten-

Co-seismic slope

tial (e.g. probability of landslide occurrence) on its own is of
little relevance if the consequent ground deformations are
not expected to cause distress and damage to buildings and
infrastructure. In that sense what really matters from eco-
nomic, societal and human point of view is the evaluation of
the damages to buildings and infrastructures for the ex-
pected level and amount of ground displacements associat-
ed to the earthquake hazard of the area. The real risk is
actually quantified with the induced physical damages to
various assets. Therefore, what is needed is on the one
hand, the evaluation of the performance of natural and arti-
ficial slopes during earthquakes in terms of permanent
ground displacements and, on the other hand, appropriate
fragility relationships of structures (i.e. buildings) and infra-
structures (i.e. bridges, tunnels, pipelines, etc.) exposed to
the landslide hazard in order to estimate the vulnerability
and the risk. This approach is very well developed in earth-
quake engineering practice (e.g. NIBS 2004) regarding the
risk assessment (structural and societal). Inspired from
these conceptual considerations, the present work intends
to provide the basis for the risk assessment of assets in
case of seismically induces landslides. The following graph
offers a simplified description of the proposed approach,
which is based on the classical probabilistic method widely
used in earthquake engineering. Several uncertainties and
hypothesis are involved in the different steps of the method
(e.g. Pitilakis 2014), which will be only briefly discussed
here.

The core of the proposed approach (essentially probabilistic)
is the evaluation of the induced ground displacements and
the development of adequate fragility curves (Pitilakis et al.
2014) for structures exposed to permanent slope move-
ments triggered from earthquakes. The paper will be con-
centrated to these two issues. It is basically divided into two
main parts. In the first part, we present an overview of the
available analytical methods, generally known as
“Newmark-type” methods, to estimate co-seismic perma-
nent slope displacements. Emphasis is put on the recently
developed analytical method where earthquake-induced
slope displacements were calculated using an advanced
numerical analysis (Fotopoulou & Pitilakis 2015). The se-
cond part presents an analytical method for assessing the
vulnerability of low-rise reinforced concrete (RC) buildings
subjected to seismically induced slope displacements due to
the landslide hazard (Fotopoulou & Pitilakis 2013a). Generic
probabilistic fragility functions are proposed based on the
parameters, which were found to most significantly contrib-
ute to the structure’s fragility, namely the slope inclination
in conjunction with the slope soil material (Fotopoulou &
Pitilakis 2013b). A typical example at the end illustrates the
practical use of the proposed methodology.

i :
i | . | . :
! displacements ! ! Fragility i ! Vulnerability i
! ! ! curves ! ! index E
— 1 : T : : T :
| Slope Seismic |, Response i| Engineering demand i Damage {| Damage measures ||
I ]
! characteristics | | '"t€"S"YY [i model 1] parameter (EDP) i model 1 (DMs) ;
! measures | ! ! i ! i
e ! e 1 Lo o o o o :
N & 4
Hazard _| Structural .| Physical
response damage

Figure 1. Flowchart of the proposed framework for vulnerability assessment of buildings.

2 PREDICTIVE MODELS FOR CO-SEISMIC SLOPE DIS-
PLACEMENTS

Two different approaches of increased complexity are pro-
posed to assess permanent ground displacements in case of

seismically triggered slides: Newmark-type displacement
methods and advanced numerical methods. The Newmark-
type methods are based on the sliding block assumption
first proposed by Newmark (1965) providing an index of the
dynamic slope performance in terms of displacements. The
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advanced numerical analyses based on continuum mechan-
ics (finite element, and finite difference methods) or
discontinuum formulations usually incorporating complicat-
ed constitutive models are recently becoming attractive, as
they can provide approximate solutions to problems which
otherwise cannot be solved by conventional methods, e.g.
the complex geometry including topographic and basin ef-
fects, material anisotropy and non-linear behavior under
seismic loading, in situ stresses, pore water pressure built-
up, progressive failure of slopes due to strain localization,
etc.

Both methodologies depend on the appropriate selection
and evaluation of the input motion and the slope character-
istics (geometry and soil properties). The input motion
characteristics (i.e. amplitude/intensity, frequency content
and duration) depend on the seismic hazard and the local
site effects, including probably topographic effects as well.
Probabilistic (usually) and deterministic methods are applied
to evaluate seismic hazard, involving numerous uncertain-
ties (Pitilakis 2014), which may affect seriously the final
results. Different parameters describing the input ground
motion could be used such as the peak ground acceleration
(PGA) and velocity (PGV) and Arias Intensity (I,) describing
mainly the amplitude, or other parameters describing the
frequency content (e.g. mean period T,,) and the duration
(e.g. significant duration Ds.gs). A comprehensive overview
of the intensity measures (IMs) used in hazard and risk as-
sessment studies may be found in Douglas et al. (2015).
The amplitude of ground motion is generally accepted as
the dominating parameter providing better correlation with
slope displacements and hence it is used in most analytical
methods (e.g. Saygili & Rathje 2008; Strenk & Wartman
2013). Additional parameters characterizing either the in-
tensity or the frequency content and duration of the earth-
quake ground motion are also used, in order to provide
more efficient and sufficient estimates of the seismically
induced slope displacements (Bray 2007). Recently it has
been proved that directivity and fling effects, which are also
characterized by long period waves, may be equally im-
portant (Garini et al. 2014)

The slope properties associated with the slope geometry,
soil strength, stiffness and damping characteristics also play
a crucial role in the prediction of seismic slope displace-
ment. In the Newmark-type approaches, a single parame-
ter, i.e. the yield acceleration coefficient, k,, is commonly
used to represent the overall sliding resistance of the slope.
It depends primarily on the slope geometry and strength of
the material along the critical sliding surface and it may be
determined through a pseudostatic analysis or by a simpli-
fied empirical relationship (e.g. Bray 2007). Low k, values
(near zero) are indicative of a “weak” slope susceptible to
sliding; as k, increases the strength and the resistance to
sliding of the slope increases as well. The stiffness of the
slope can be also represented by the initial fundamental
period of the slope, Ts. For a stiff nearly rigid slope, Ts ap-
proaches zero while for a deformable slope Ts can normally
be estimated using a simple analytical expression depend-
ing on the shape and the dynamic response characteristics
of the potential sliding mass (Bray 2007).

2.1 Newmark-type predictive models

Starting from the pioneer study of Newmark (Newmark
1965), several empirical models are currently available to
predict seismically induced displacements of sliding masses.
These generally differ with respect to the assumptions and
idealizations used to model the mechanism of earthquake
induced displacement. They are intended for soil slopes that
do not undergo significant strength loss (i.e. liquefaction or
flow slides). They are grouped into three main types (Jibson
2011): rigid-block, decoupled, and coupled slopes. The rig-
id-block model originally proposed by Newmark (1965)
treats the potential landslide block as a rigid mass (no in-
ternal deformation) that slides in a perfectly plastic manner

on an inclined plane. The original Newmark rigid sliding
block assumption is employed in many of the available sim-
plified slope displacement procedures (e.g., Sarma 1975;
Lin & Whitman 1986; Ambraseys & Menu 1988; Yegian et
al. 1991; Jibson 2007; Saygili & Rathje 2008 etc.). Rigid-
block analysis is appropriate for analyzing thin, “stiff” land-
slides but yields quite unconvervative results for deep,
“flexible or deformable” slopes. The dynamic site response
(ground motion) and the sliding block displacements are
computed separately in the ‘decoupled’ approach (e.g.
Makdisi & Seed 1978; Bray & Rathje 1998; Rathje &
Antonakos 2011) or simultaneously in the ‘coupled’ stick-
slip analysis (Rathje & Bray 2000; Bray & Travasarou
2007). A comprehensive discussion on the most commonly
used methods that account for the soil deformability (both
coupled and decoupled) are discussed in Bray (2007). Gen-
erally, irrespective of their assumptions to analyze the dy-
namic slope response, recent approaches (e.g. Watson-
Lamprey & Abrahamson 2006; Jibson 2007; Saygili &
Rathje 2008; Bray & Travasarou 2007; Rathje & Antonakos
2011) involve larger ground motion datasets and robust
mathematical regression techniques and therefore they are
expected to yield more reliable estimates of the slope dis-
placement. In the following, four of the most widely used
empirical predictive models, namely the conventional ana-
lytical Newmark rigid block model (Newmark 1965), the
Jibson (2007) rigid block model, the Rathje & Antonakos
(2011) decoupled sliding block model and finally the Bray &
Travasarou (2007) coupled stick-slip sliding block model,
are briefly discussed.

The Newmark conventional analytical rigid block method is
used to predict average slope displacements obtained by
integrating twice with respect to time the parts of an earth-
quake acceleration-time history that exceed the critical or
yield acceleration, a. (k,-g) (i.e. threshold acceleration re-
quired to overcome shear soil resistance and initiate slid-
ing). The second approach is a simplified rigid block model
proposed by Jibson (2007), which predicts slope displace-
ment as a function as Arias intensity (I,) and critical accel-
eration ratio (a./PGA). This method was selected consider-
ing that Arias intensity was found to be the most efficient
intensity measure for stiff, weak slopes (Travasarou 2003).
The third method is a two-parameter vector (PGA, PGV)
model proposed by Rathje & Antonakos (2011). This model
is often recommended for use in practice due to its ability to
significantly reduce the variability in the displacement pre-
diction (Saygili & Rathje 2008). For flexible sliding, Kkmax
(e.g. peak value of the average acceleration time history
within the sliding mass) is used in lieu of PGA and k-velmax
(e.g. peak value of the k-vel time history provided by nu-
merical integration of the k-time history) is used to replace
PGV. The last one is the Bray & Travasarou (2007) model.
In this model cumulative displacements are calculated using
the nonlinear fully coupled stick-slip deformable sliding
block model proposed by Rathje & Bray (2000) to capture
the dynamic response of the sliding mass. They use a single
intensity parameter to characterize the equivalent seismic
loading on the sliding mass, i.e. the ground motion’s spec-
tral acceleration Sa at a degraded period equal to 1.5T,,
which was found to be the optimal one in terms of efficiency
and sufficiency (Bray 2007).

It is noted that Newmark method is an analytical rigid block
approach whereas Jibson (2007), Rathje & Antonakos
(2011) and Bray & Travasarou (2007) models are essential-
ly regression models of the analytical form of the rigid-
block, decoupled and coupled methods respectively. As
such, Newmark analytical method uses the entire time his-
tory to characterize the seismic loading as opposed to the
simplified methods of Jibson (2007), Bray & Travasarou
(2007) and Rathje & Antonakos (2011) that use one (I,
Sa(1.5 Ts)) and two (PGA, PGV) intensity parameters re-
spectively. In this way, uncertainties (and potential biases)
associated to the selection of the ground motion intensity
parameters are limited in the Newmark conventional analyt-
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ical approach. Table 1 summarizes the functional form of
the three simplified sliding block models. The herein models
yield mean (Jibson 2007) or median (Rathje & Antonakos
2011; Bray & Travasarou 2007) values of seismic slope dis-
placement when the standard deviation (the last term in the
equations) is ignored.

Table 1. Functional form of the simplified sliding block
models used in this study.

Model Functional form
Log(D)=0.561 log(l,)

Jibson 3 833 |og(a/PGA)-1.474%0

(2007) : 9 .

Where D is in cm, I, in m/s, PGA and a. in g.

For rigid sliding masses:

. k, ) (k)
|.1{D}=—|55—4,58( ' |-20.84) |
DA DA
\PGA | \PGA |
I 3 # 4
e | smpwal Ky |
TG = | =N | +
'kl'Uﬂ) l\r\J"\)l

Rathje &  —0.64In(PGA) +1.55In(PGV) + € O,

Antonakos  \here D is in cm, PGA in g and PGV in cm/s.
(2011) For flexible sliding masses, kmax (in g) and k-
velmax (in cm/s) are used to replace PGA and
PGV respectively and a term conditioned to Ts
is added:
In(Dﬂexime) = In(DpGA,pgv) + 142T5 for TS <0.5
In(Dﬂexime) = In(DpGA,pgv) + 0.71 for Ts >0.5

where Dsiexible iS in cm and Ts in seconds.

For the flexible sliding block case (Ts>0.05):

In(D)= -1.10 - 2.83 In(ky) - 0.333(In(k,))?

+ 0.566 In(S,(1.5Ts)) + 3.04 In(S,(1.5Ts)) -

0.244 (In(Sa(1.5Ts)))? + 1.50T+0.278(M-7)£¢
Bray & where D is in cm, T in seconds and S,(1.5T)

Travasarou N9
(2007) For the nearly rigid sliding block case
(Ts<0.05):
In(D) = -0.22 - 2.83 In(ky) - 0.333 (In(k,))?
+ 0.566 In(PGA) + 3.04 In(PGA) - 0.244
(In(PGA)? + 1.50Ts+0.278 (M-7) £ ¢

where D is in cm, Ts in seconds and PGA in g.

2.2 Predictive relationships using numerical analysis results

Recently, Fotopoulou & Pitilakis (2015) proposed new pre-
dictive analytical expressions for co-seismic slope displace-
ments, using a comprehensive set of numerical parametric
analyses with different slope geometries, soil properties and
input motions. Advanced statistical analysis and compari-
sons with the previous empirical analytical expressions,
allowed the development of new expressions to estimate
the co-seismic slope displacements using scalar or vector
IMs. An overview of the proposed approach is presented in
the following subsections.

2.2.1 Parametric numerical analyses

Two dimensional (2D) fully non-linear numerical analyses
are performed for idealized step-like slope configurations
applying the finite difference code FLAC2D (Itasca 2011),
considering different real acceleration time histories as input
motion. Soil resistance and the compliance of the sliding
mass, characterized by the yield coefficient, k,, and the
fundamental period of the sliding mass, Ts, respectively, are
also varying among rational limits i.e. k,=0.05-0.3 and
T.=0.05s-0.69s. In particular, 12 typical slope soil models
are analyzed with varying geometrical characteristics, mate-

rial properties of the surface layer as well as strength and
stiffness of the potential sliding surface. Regarding the soil
strength parameters we properly selected pairs of the angle
of friction @ (varying from 18° to 44°) and the cohesion ¢
(varying from 0.5KPa to 30KPa). Figure 2 describes the lay-
out of the problem under study.

The discretization allows for a maximum frequency of 10Hz
to propagate through the grid without distortion. A finer
discretization is adopted in the slope area, whereas towards
the lateral boundaries of the model the mesh is coarser.
Free field absorbing boundaries are applied along the lateral
boundaries whereas quiet boundaries are applied along the
bottom of the dynamic model to minimize the effect of
trapped energy and artificially reflected waves. The soil ma-
terials are modeled using an elastoplastic constitutive model
with the Mohr-Coulomb failure criterion (shear yield) with
tension cutoff (tension vyield function), assuming a zero
dilatancy non-associated flow rule for shear failure and an
associated rule for tension failure (Itasca 2011). Generic
soil properties are considered based on the available litera-
ture and engineering judgment. These are selected to vary
for the surface layer (see Figure 2) while they are kept con-
stant for the intermediate clayed layer (Vs=500m/s,
c=50KPa, q>=27°) and the elastic bedrock (Vs=850m/s).

free field

Elastic Bedrock

| Compliant Base
%I}h A
Seismic excitation

Figure 2. Layout of the cases analyzed.

The fundamental period of the sliding mass (Ts) is estimated
using the simplified expression: T = 4H/V;, where H is the
depth and Vs the average shear wave velocity of the poten-
tial sliding mass. The depth of the sliding surface as well as
the horizontal yield coefficient, k,, are evaluated by means
(e.g. no liquefaction or strain softening). of pseudostatic
slope stability analyses utilizing the Bishop’s simplified
method for the critical sliding surface. k, is calculated as-
suming that no significant strength loss is anticipated in the
slope soil material (e.g. no liquefaction or strain softening).

The dynamic input motion consists of SV waves vertically
propagating from the rock basement. 40 real acceleration
time histories were used all recorded on rock outcrop or
very stiff soil (soil classes A and B according to EC8) derived
from the SHARE database (Seismic Hazard Harmonization in
Europe, www.share-eu.org ). The moment magnitudes, M,,
of the records are varying from 5 to 7.62 and the epicentral
distances, R, vary from 3.4 to 71.4 km. The peak ground
acceleration (PGA) values range from 0.065g to 0.91g, the
peak ground velocity (PGV) from 3.1cm/s to 78.5cm/s and
the mean period T, ranges from 0.16s to 1.14s. To obtain
the appropriate input motion at the base of the FLAC2D
model, the selected time histories are first subjected to
baseline correction and filtering (f;=0.25Hz, f,=10 Hz) to
assure accurate representation of wave transmission
through the model.

Prior to the dynamic analyses, a static analysis is carried
out to establish the initial effective stress field throughout
the model. It is noticed that only the cases that result to
nonzero displacement (=0.001m) due to seismic loading are
addressed. Thus, the number of dynamic analyses per-
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formed for each model depends on the considered k, value
in relation to the PGA values of the selected input motions.
In total 285 analyses were carried out.

2.2.2 Comparison of the numerical approach with empirical
methods

Prior to the statistical analysis of the numerical results, in
terms of horizontal permanent displacements of the slope, a
comparison is made with the existing analytical expressions.
In all cases compatible idealized step-like slopes were used,
characterized by different flexibility and resistance of the
potential sliding surface. Figure 3 presents the distribution
of the computed “effective” horizontal displacements within
the sliding mass in log space that vary from very small val-
ues (smaller than 0.01m) to large ones (>1m).
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Figure 3. Histogram of the computed numerical horizontal
displacements (for all models, N=285).

In total, 285 nonzero permanent horizontal displacements
are calculated and compared with the slope displacement
(D) predicted with most well known analytical expressions
(described in Section 2.1) i.e. the Newmark rigid block
model (Newmark 1965), Jibson (2007) rigid block model,
Rathje & Antonakos (2011) decoupled sliding block model
and Bray & Travasarou (2007) coupled stick-slip sliding
block model.

It is noted that Newmark-type methods capture the part of
seismically induced displacement attributed to the deviatoric
induced deformation while the corresponding part attributed
to the volumetric compression is not accounted for. This
displacement due to deviatoric deformation is largely hori-
zontal (Bray & Travasarou 2007) justifying the use of the
horizontal (instead of the vector) numerical displacement
for the comparison.

To derive the appropriate inputs for the Newmark-type
methods that include the effect of soil conditions, and to
allow a direct comparison with the numerical results, the
acceleration time histories and the corresponding IMs at the
depth of the sliding surface are computed through a
onedimensional (1D) non-linear site response analysis using
FLAC 2D considering the same soil properties as in the 2D
dynamic analysis. The “average” 1D soil profile is located at
the section that approximately corresponds to the maxi-
mum slide mass thickness H of the potential sliding surface.
The maximum slide mass thickness H (or otherwise the
maximum depth of the sliding surface), calculated by means
of pseudostatic slope stability analysis, varies between 2
and 26 m for the different analyzed slope cases.

In Figure 4 the horizontal displacements calculated from the
full dynamic numerical analyses are compared with the dis-
placements calculated with the analytical Newmark'’s
(1965), lJibson (2007), Bray & Travasarou (2007) and
Rathje & Antonakos (2011) expressions. It is observed that
numerical displacements generally are not inconsistent with

the predicted Newmark-type displacements enhancing the
reliability and robustness of the dynamic analysis results.
The following general remarks can be deduced: (i)
Newmark method generally predicts smaller displacements
compared to the numerical model; (ii) Jibson (2007) model
tends to underpredict small displacements and overpredict
large displacements; (iii) Rathje & Antonakos (2011) model
is well compared to the numerical analysis, except for a
group of under-predicted displacements at the small dis-
placement range; finally (iv) Bray & Travasarou (2007)
model is generally in good agreement with the numerical
analysis although its ability to predict very small displace-
ments cannot be assessed as it cannot predict displace-
ments smaller than 0.01m.

1
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Figure 4. Numerically versus empirically calculated dis-
placements.

However a relatively large dispersion in the displacement
estimation is shown. This dispersion is also displayed in
Figure 5, which presents the cumulative distribution of the
relative difference between the numerical and empirical
slope displacements for each of the empirical sliding block
model

Relative difference (% )=[(Dnumerical = Dempirical)/ Dnumerical]- 100%

It is noted that for positive values of the relative difference
the empirical methods underpredict the displacements de-
rived from the numerical analysis and vice versa. By exam-
ining the cumulative distribution functions it is seen that the
rigid block Newmark model and the decoupled Rathje &
Antonakos (2011) model generally tend to predict smaller
displacements compared to the numerically derived ones. In
particular, positive values of the relative difference in the
displacement prediction are presented for cumulative fre-
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quencies from around 20+30% to 100%. On the other
hand, Bray & Travasarou (2007) coupled model may either
overpredict or underpredict the numerical displacements
yielding positive values of the relative difference in the dis-
placement prediction for cumulative frequencies from
around 49% to 100%. This is in line with the inherent cou-
pled stick-slip assumption adopted in the method that offers
a conceptual improvement over the rigid block and decou-
pled approaches for modeling the physical mechanism of
earthquake induced slope displacement. Finally, Jibson
(2007) simplified rigid block model tends to predict larger
displacements compared the numerical ones dominated by
negative predictions of the relative difference for cumulative
frequencies up to 65%. The latter model is also associated
with a very large dispersion in the median displacement
estimation with respect to the numerical analysis compared
to the former ones. This dispersion is obvious in the cumu-
lative distribution of the relative difference diagram result-
ing to relative differences greater than - 500% for cumula-
tive frequencies up to 20%. This observation confirms the
author's statement regarding the avoidance of using his
regression equations for site-specific applications where
accurate estimates of displacement are required (e.g. for
design purposes).
1
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Figure 4. Numerically versus empirically calculated dis-
placements (continued).

As a final remark, among the four models, Newmark's ana-
lytical approach presents the minimum dispersion. This
trend may prove the superiority of the analytical over the
simplified approaches as the latter are "models of models"
that are subjected to additional assumptions associated with
reducing the analytical approach into a simplified mathe-
matical equation.
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Figure 5. Cumulative distribution of the Relative difference
(%) between numerical and empirical slope displacements
for each of the empirical sliding block model.

2.2.3 Development of regression models using optimal sca-
lar intensity measures

Uncertainty in the ground motion characterization is the
greatest source of uncertainty in calculating earthquake
seismic risk (Pitilakis 2014) and in the present cases the
induced seismic slope displacements (Bray 2007). Thus, the
selection of appropriate IMs is important to increase the
accuracy of the predictive analytical relationships of seismic
permanent displacement. The selection of the proposed IMs
is also important to reduce the overall computation effort,
as fewer ground motions are required to achieve the desired
accuracy. This fact is the basic motivation to develop a new
set of predicting expressions for co-seismic permanent
slope displacements.

The optimal IM is identified through regression analyses
correlating the numerical seismic slope displacements (D)
and various IMs, namely PGA, PGV, I,, Tn, Sa(1.5T;). As
said before these are some of the most frequently used IMs
in earthquake engineering practice representing different
aspects of the ground motion characteristics (i.e. intensity,
frequency content and duration). In particular, PGA charac-
terizes the earthquake ground motion peak amplitude (am-
plitude/intensity), PGV the intensity and frequency content
of the earthquake motion, I, the intensity and implicitly the
duration of the ground motion, Tm the earthquake frequen-
cy content and finally S,(1.5Ts) is related to both the ground
motion intensity and the frequency characteristics of the
sliding mass. It is noted that the ratio k,/PGA is also used
as an IM as it provides a direct assessment of whether the
displacement will be greater than zero (i.e. for PGA>k,,
D>0 and 0 otherwise) (Saygili & Rathje 2008). It is also
worth mentioning that the estimated IMs at the depth of the
sliding surface estimated via the 1D dynamic analyses (Sec-
tion 2.2.2), which account for the of site conditions (soil
classes B, C and D according to EC8), are used in the re-
gressions. Considering the fact that seismic motions are
essentially recorded at the ground surface, IMs at the free-
field ground surface are suggested in practice without any
depth modification. This is in line with previous studies (e.g.
Bray & Travasarou 2007; Rathje & Antonakos 2011) and as
discussed in Bray &Travasarou (2007) is considered a rela-
tively “conservative” hypothesis. In cases, however, where
the IMs for soil conditions cannot be accurately estimated or
for more generic applications, simplified relationships that
yield the IMs for soil conditions (e.g. at the depth of the
sliding surface) given the corresponding IMs at the rock
outcrop may be proposed (see Fotopoulou & Pitilakis 2015).
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IMs were rated based on two different criteria: proficiency
(i.e. a composite measure of efficiency and practicality)
(Padgett et al. 2007) and sufficiency (Luco & Cornell 2007).
Proficiency serves as the primary factor in the selection pro-
cess for an optimal IM while sufficiency is a secondary fac-
tor, which further supports the selection of appropriate IMs.

A power model is first used to describe the relationship be-
tween the seismic slope displacement D and the various
IMs:

D=a-IM® (1)

where a and b are coefficients defined by the regression.
This can be rearranged to perform a linear regression of the
logarithms of the IMs and the response quantity (seismic
slope displacement) to establish a demand model of the
following form:

In(D) =b:In(IM)+In(a)+e-0 (2)

where D is the seismically induced slope displacement (in
m), € is the standard normal variant with zero mean and
unit standard deviation. The dispersion term sigma (o) rep-
resents the conditional standard deviation of the regression
(in natural log units) and is a metric of the efficiency of the
IM with respect to the demand parameter (seismic slope
displacement). Lower o values yields less dispersion about
the estimated median in the results indicating a more effi-
cient IM. The regression parameter b in Eq. 2 is a metric of
the practicality of the IM. Practicality describes the depend-
ence of the level of the slope displacement upon the level of
the IM. When this parameter approaches zero the IM term
contributes negligibly to the demand estimate and thus a
lower b value implies a less practical IM (Padgett et al.
2007).

For an optimal IM selection, the term proficiency is intro-
duced (Padgett et al. 2007), which measures the composite
effect of efficiency and practicality. A more proficient IM is
characterized by a lower modified dispersion ¢ and is esti-
mated as follows:

(= sigma/b (3)
Figure 6 presents representative correlations between the
slope displacements and the PGV along with the curve fit

using Eq. 2. Similar correlations have been performed for
the other IMs.
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Figure 6. Regression of seismic slope displacement for
quantifying the efficiency and practicality of PGV as IM.

Table 2 lists the parameters of the demand models from Eq.
2 as well as their proficiency. As shown in the table, PGV
and I, are the most efficient IMs whereas PGV is the most
proficient one followed by PGA and k,/PGA (shown in bold in
Table 2). Thus, although I, is an efficient IM, it is not practi-

cal (low b value) and therefore it should not be considered
an optimal IM.

Table 2. Demand models and their efficiency, practicality
and proficiency for the different considered IMs.

M In(a) b sigma ¢
PGA (g) -0.428 2.127 0.93 0.44
PGV (cm/s)  -8.892 1.873 080 0.43
T () -1.455 1.717 1.46 0.85
I, (m/s) -2.944 0.993 0.82 0.82
S.(1.5T¢) -1.716 1.588 1.21 0.76
k,/PGA -4.770 -2.165 1.01 0.46

A sufficient IM is conditionally statistically independent of
ground motion characteristics, such as magnitude (M) and
epicentral distance (R) (Luco & Cornell 2007). In this study,
the sufficiency is evaluated by performing a regression
analysis on the residuals, €|IM, from the calculated seismic
slope displacements relative to the ground motion charac-
teristic, M or R. A small p-value for the linear regression of
the residuals on M or R is indicative of an insufficient IM, in
which the coefficient of the regression estimate is statisti-
cally significant. The cutoff for an insufficient IM is assumed
to be a p-value of 0.10. In Figure 7 representative plots
examining the sufficiency of PGA with respect to magnitude
and epicentral distance respectively are shown.

€= 0.4385"M - 2.892
R-squared= 0.097
p-value=1.07e-7
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Figure 7. Sufficiency of PGA as IM by examining the condi-
tional statistical independence from magnitude (top) and
epicentral distance (bottom).
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Similar plots have been constructed for the other IMs. For
PGA, PGV, S.(1.5Ts) and k,/PGA, the mean residuals do not
vary with distance (p-value>0.10), but they increase with
increasing magnitude (p-value~0). On the other hand, I, is
statistically independent from magnitude (p-value=0.70)
but it depends on epicentral distance (p-value<0.10) while
Tm is dependent both on magnitude and epicentral distance
(p-value~0). These trends indicate that none of the select-
ed IMs satisfies the sufficiency criterion with respect to
magnitude and epicentral distance in a rigorous way.

However, as shown by Shome (1999), the error in the pre-
diction of the demand parameter (seismic slope displace-
ment in our case) using a hazard decoupling assumption
with an insufficient IM can be as small as £10%. Consider-
ing this remark, scalar IMs are proposed to assess slope
displacement based only on the proficiency criterion. In
particular, the most proficient IMs, i.e. PGV, PGA and
k,/PGA, are suggested to correlate to slope displacements
using the functional form described in Eq. 2.

The yield coefficient k,, which represents the overall dynam-
ic resistance of the slope, has been always used in sliding
block procedures due to its important effect on seismically
induced slope displacement (Bray 2007). In this respect, k,
is also added to the regression equation where a linear de-
pendence of the residuals for the considered IMs on k, is
taken into account:

In(D)=b-In(IM)+In(a)+c-ky+e-c (4)

The proposed regression parameters for the most proficient
IMs, i.e. PGV, PGA and k,/PGA are presented in Table 3. It
is seen that the models display significantly less variability
when considering k, term in the regression.

Table 3. Demand models for the most proficient IMs when
considering ky in the regression equation.

IM In(a) b [¢ sigma
PGA (g) 0.529 2.127 -6.583 0.80
PGV (cm/s) -8.028 1.873 -5.964 0.68
k,/PGA -5.965 -2.165 7.844 0.82

magnitude term (Eq. 4 and Table 3) could also be applied at
projects where the inclusion of magnitude causes some
complication.

2.2.4 Development of regression models using optimal vec-
tor intensity measures

The use of vector IMs enables the model to capture addi-
tional significant features of the ground motion (related to
its amplitude, frequency content or duration), which affect
the magnitude of the seismic slope displacement. Vector
IMs were selected based on the proficiency (i.e. efficiency
and practicality) of the scalar IMs, the correlation coefficient
pIMi,IMj between them as well as the overall efficiency of
the vector model. Correlation coefficients were estimated
using the methodology outlined by Baker & Cornell (2006).
IMs with smaller correlation coefficients were selected as a
smaller value of pIMi,IMj indicates that the two IMs cover
more complementary information about the ground motion
parameters leading to a smaller standard deviation in the
displacement prediction (Saygili & Rathje 2008). PGV is the
first component of the vector as it is the most proficient IM.
Table 5 presents correlation coefficients between PGV and
the remaining IMs. It is seen that the combination of PGV
and k,/PGA yields the lowest correlation coefficient. The
functional form used for the regression on a vector of IMs is
described as:

In(D)= In(a)+ b:In(IM1)+ e:In(IM;) +e-0 (6)

where D is the seismically induced slope displacement (in
m), IM; is the peak ground velocity (in cm/sec), IM, is the
second intensity measure and a, b , and e are regression
coefficients. Equation 6 was selected based on the observa-
tion that the residuals of the regression on PGV had only a
linear dependence on the logarithm of the remaining IMs
when plotted against them.

Table 5. Correlation coefficients between PGV and the re-
maining IMs.

Finally, taking into account the dependence of the residuals
for almost all considered IMs (i.e. PGV, PGA, k,/PGA, T and
Sa(1.5Ts)) on magnitude, magnitude term is also added to
the regression equation to eliminate bias due to magnitude:

In(D)=b-In(IM)+In(a)+ c'ky, +d-M+e-a (5)

A linear dependence of the residuals for the IMs on magni-
tude is considered as shown in Eq. 5. It is worth noting that
the inclusion of magnitude term in Eq. 4 captures in part
the influence of the duration of the seismic motion in the
seismically induced slope displacement estimation. The pro-
posed regression parameters for the most proficient IMs,
i.e. PGV, PGA and k,/PGA, when considering also the magni-
tude dependence are presented in Table 4. As shown in the
table, the efficiency of the demand models is further im-
proved when considering the magnitude term.

Table 4. Demand models for the most proficient IMs when
considering both the k, and the magnitude term in the re-
gression equation.

pIM1,IM2
IMy/IM, PGA T I, Sa(1.5Ts) k,/PGA
PGV 0.75 0.57 0.67 0.59 0.15

Table 6. Demand models and their associated efficiency for
the different considered vector IMs.

M1 IM2 In(a) b e sigma

PGV(cm/s) k/PGA -9.524 1.873 -0.634  0.70
PGV Tm(s) -9.250 1.873 -0.444  0.79
PGV I, (m/s) -8.940 1.873 0.072 0.80
PGV  PGA(g) -8.897 1.873 0.025 0.80
PGV S.(1.5T.)(g) -8.912 1.873  0.018  0.80
PGV  k/PGA -9.524 1.873 -0.634 0.70

M In(a) b C d sigma
PGA (g) -2.965 2.127 -6.583 0.535 0.72
PGV (cm/s) -9.891 1.873 -5.964 0.285 0.65
k,/PGA -10.246 -2.165 7.844 0.654 0.75

Based on the above considerations, these scalar models
(Eq. 5 and Table 4) are recommended for use in engineer-
ing applications. The demand models that do not include the

Table 6 presents the derived vector models along with their
overall efficiency (defined by their sigma values). As shown
in the table, among the considered vector IMs, PGV- I, and
PGV- k,/PGA are the most efficient ones (shown in bold in
Table 6). It is seen that the efficiency of the vector IMs is
improved compared to the corresponding scalar IMs (lower
sigma values) (see Table 2). However, it is up to the engi-
neer to decide on a project basis whether this improvement
in efficiency by the use of a vector IM offsets the complexi-
ties in the vector seismic hazard evaluation associated with
the computation of the joint annual probability of occur-
rence of the pairs of ground motion parameters (Travasarou
& Bray 2003).
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The sufficiency criterion is addressed by considering the
magnitude and distance dependence of the residuals for
each pair of IMs. For all considered pairs of IMs, the mean
residuals do not vary with distance (p-value=0.10). Howev-
er, only PGVk,/PGA and PGV-I, pairs are statistically inde-
pendent from magnitude (p-value>0.10) and therefore only
these IMs cover the sufficiency criterion. Thus the vectors
IMs that may sufficiently predict seismic slope displacement
are PGV-k,/PGA and PGVI,. However, PGV- k,/PGA pair has
a correlation coefficient 0.15 that is indicative of intensity
parameters that provide considerable complementary in-
formation about the ground motion as opposed to PGV-I,
pair that distinguishes a quite higher correlation coefficient
(equal to 0.67) (see Table 5). In addition, PGV and k,/PGA
represent the most proficient scalar IMs; consequently the
PGV- k,/PGA pair is proposed as the most appropriate one
to correlate to seismic slope displacements.

Finally, k, term is also incorporated in Eq. 6 considering its
importance in seismic slope displacement estimation. Thus
the functional form for the regression on a vector of IMs
becomes:

In(D)= In(a)+ b:In(IM1)+ e:In(IM2) + ck, +e:0 (7)

Table 7 presents the proposed regression parameters and
the associated standard deviations of the vector IMs when
ky is also considered in the models. It is seen that combina-
tion of PGV with I,, PGA and k,/PGA yields the most efficient
vector models. From these vector models only PGV- I, and
PGVk,/PGA (shown in bold in Table 7) cover the sufficiency
criterion and thus they are recommended for use. However,
between the two vector models, PGV- k,/PGA model should
be preferred taking into account the increased proficiency of
k,/PGA compared to I.. As in the scalar IMs, a considerable
increase in efficiency is observed when k, term is added in
the regression equation.

Table 7. Demand models and their associated efficiency for
the different considered vector IMs when considering the k,
term in the regression equation.

The free field ground surface intensity parameters (i.e. PGA,
PGV, I,) estimated through a conventional seismic hazard
analysis that account for site effects could be used in the
above equations without any modification with depth. Oth-
erwise, one could estimate the IMs for soil conditions (e.g.
at the depth of the sliding surface) given the corresponding
IMs at the rock outcrop using the simplified expressions
proposed in this study (see Fotopoulou & Pitilakis 2015 for
details).

2.2.6 Example application

A typical application of the proposed scalar and vector re-
gression models is presented to exemplify the proposed
analytical expressions to assess the coseismic slope dis-
placement providing also a comparison with Newmark-type
methods. A natural step-like slope is considered with a yield
coefficient k, equal to 0.1. The elastic fundamental period of
the slide mass Ts is estimated as 0.2s assuming a maximum
depth of the sliding mass and an average Vs equal to 15m
and 300m/s respectively. The scenario earthquake is repre-
sented by a real ground motion derived from the SHARE
database (Seismic Hazard Harmonization in Europe,
www.share-eu.org) that is recorded on soil conditions (soil
class C according to EC8) with moment magnitude M,=6.93
and epicentral distance R=30 km.

Table 8 presents the main characteristics of the recorded
ground motion while Table 9 depicts the estimated ground
motion intensity parameters that will be used for the given
example application. The median (or mean) and the median
(or mean) x1 o predictions for the proposed scalar and vec-
tor models (see Section 2.2.5) as well as the corresponding
predictions of the empirical Newmark-type models applied
in this study are presented in Table 10 for the given earth-
quake event and slope properties.

Table 8. Characteristics of the selected scenario earth-
quake.

Earthquake Mw R Preferred Vsgso Database
(km) FS (m/s) Code

IM1 IM2 In(a) b ¢ e sigma
PGV(cm/s) k,/PGA -8.36 1.87 -5.96 -0.35 0.64
PGV Tm (S) -8.31 1.87 -5.96 -0.38 0.66

PGV  I.(m/s) -8.06 1.87 -5.96 0.20 0.61
PGV  PGA(g) -7.67 1.87 -596 0.33 0.64
PGV S.(1.5T)(g) -7.91 1.87 -5.96 0.19 0.66
PGV  k/PGA -8.36 1.87 -5.96 -0.35 0.64

Loma Prieta Reverse-

1989, USA 6.93 30 Oblique 302 NGA_766

Table 9. Estimated ground motion intensity parameters of
the given earthquake event.

2.2.5 Suggested scalar and vector predictive models

Based on the optimally selected scalar and vector IMs,
equations 8 to 12 summarize the proposed scalar (Eq. 8-10)
and vector (Eq. 11-12) predictive models for assessing the
seismically induced slope displacement that are recom-
mended for use in practice:

In(D)= -9.891+ 1.873:In(PGV) - 5.964-ky +
0.285-M = £:0.65 (8)

In(D)= -2.965 + 2.127-In(PGA) - 6.583-ky +
0.535-M + £:0.72 9)

In(D)= -10.246 - 2.165:In(k,/PGA) + 7.844-ky +
0.654:M * £:0.75 (10)

In(D)= -8.076 + 1.873:In(PGV) + 0.200-In(L.) -
5.964-k, * £0.61 (11)

In(D)= -8.360 + 1.873:In(PGV) - 0.347:In(k,/PGA)
- 5.964-k, + £0.64 (12)

where D is in m, PGA in g, PGV in cm/s and I, in m/s.

PGA PGV(cm/s) T I, Sa(1.5T:)
(9) (s) (m/s) (9)
0.363 32.87 0.526  1.197 0.715

Table 10. Seismic slope displacement predictions for the
proposed scalar and vector models and the Newmark-type
empirical methods for the given slope properties and earth-

quake event.

Seismic slope displacement (m)

Median Median Median
(or mean) (or mean) (or mean)

+ 1o -1lo
Scalar PGV- M 0.140 0.267 0.073
models PGA-M 0.126 0.259 0.061
ky,/PGA-M 0.118 0.249 0.056
Vector PGV- I, 0.123 0.226 0.067
models PGV-
ky/PGA 0.140 0.241 0.074
Newmark 0.088 - -
Jibson 2007 0.355 0.657 0.192
Rathje & Antonakos 2011 0.148 0.240 0.091
Bray& Travasarou 2007 0.259 0.499 0.134
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It is seen that the proposed models predict consistent dis-
placement for the considered earthquake scenario and slope
properties. The estimated median values vary from 0.118 to
0.140m, resulting at a maximum difference in the prediction
on the order of 15%. In particular, the scalar k,/PGA- M
model predicts the smallest displacement (0.118m) while
the largest one is predicted by both the scalar PGVM and
the vector PGV- k,/PGA models. Differences of this order
are not important taking also into account the considerable
aleatory variability associated to both the characteristics of
the slope and the ground motion intensity parameters. As
shown in the table, for the scalar predictive models the es-
timated median+1c0 and median-10 displacements are
about two times and half the median value respectively.
Considering that the vector models are shown to display
smaller o values, the estimated range of the medianxlico
displacements is even more converged for the proposed
two-parameter vector models.

A comparison between the slope displacements estimated
by the models recommended for use in this study and the
corresponding displacements predicted by the Newmark-
type or empirical models is also performed (see Table 10).
It is observed that Newmark analytical rigid block method
predicts an average displacement that is 25-37% smaller
than the median displacements estimated by the proposed
new models, while the remaining simplified models
overpredict the corresponding displacements. In particular,
Jibson (2007), Rathje & Antonakos (2011) and Bray &
Travasarou (2007) present respectively 150-200%, 6-25%
and 85-120% larger displacements. These findings that are
generally in line with the observations presented in Section
2.2.2 indicate the significant uncertainties (both aleatory
and epistemic) associated with the modeling assumptions
as well as with the selection of the intensity parameters and
slope properties in the different approaches highlighting the
need for a probabilistic assessment of the seismically in-
duced slope displacements (e.g. Rathje et al. 2014).

3  VULNERABILITY ASSESSMENT OF RC BUILDINGS TO
CO-SEISMIC SLOPE DISPLACEMENT

3.1 Vulnerability assessment method

The physical or structural vulnerability of a building is de-
fined as the degree of loss, in terms of percentage of struc-
tural damage, to a given element or set of elements sub-
jected to a landslide hazard (e.g. Corominas et al. 2014). In
the present paper we deal with the seismically triggered
landslides and in particular with the co-seismic slope ground
movements in the absence of flow-type massive landslides
or lateral spreading after liquefaction. The landslide hazard
is expressed in terms of permanent ground displacements
(PGD or D according to the previous chapter). While PGD is
a deterministic quantity, the parameters used for its calcu-
lation are probabilistic quantities depending on the seismic
hazard. So PGD is also of probabilistic nature.

The way we propose herein to evaluate the seismic vulnera-
bility of buildings, and finally the risk, is inspired from the
relevant and well-developed approach used in earthquake
engineering. The difference is that while in earthquake en-
gineering the vulnerability and the structural losses are due
to the ground shaking, in our case the vulnerability will de-
pend on the co-seismic permanent slope displacements The
essential of the methodology has been developed in the
framework of the EU research project called SAFELAND
(http://www.safeland-fp7.eu) and has been recently pub-
lished in a series of papers (e.g. Fotopoulou & Pitilakis
2013a; 2013b; Mavrouli et al. 2014).

According to the proposed methodology the key element is
the construction of the so-called probabilistic fragility
curves, which are describing the probability for a structure
of a given typology of exceeding a certain limit state of the
building given a measure of the landslide intensity, which in

the present case is the PGD. Four damage limit states (LS1,
LS2, LS3, LS4) are defined with respect to the building clas-
sification and its structural characteristics in terms of
threshold values of building’s material strain based on the
work of Crowley et al. (2004), Bird et al. (2005); (2006),
Negulescu & Foerster (2010) and proper engineering judg-
ment. They describe the exceedance of minor, moderate,
extensive and complete structural damage of the building.
Different limit state values are adopted for buildings of dif-
ferent typology, e.g. masonry or RC, low-rise or high-rise,
high code frame RC buildings etc. An extensive presentation
of these issues may be found in Pitilakis et al. (2014). Fig-
ure 8 presents a typical set of fragility curves of a low rise
RC building for the four damage states subjected to perma-
nent ground displacements (PGD).

Once the fragility curves of any building type subjected to
slope co-seismic displacements are available, a single vul-
nerability curve can be constructed (see Figure 9), which
provides a unique damage or vulnerability index d,, for each
level of PGD. It can be mathematically expressed as fol-
lows:

A
7 \N'n
dy =25y d, 0
i=1
where dp; is the damage index (taking values from 0: no
damage to 1: complete damage) corresponding to landslide
intensity level j, P; is the discrete damage probability for
each damage state and d, stands for the damage index at
each of the four damage states (taken for this generic ap-
plication as 0.25, 0.50, 0.75 and 1.0 for the LS;, LS,, LS;
and LS, respectively).

The damage index dn, is a convenient measure to quantify
the structural losses and finally to assess the risk at building
or community level when properly aggregated. It may be
quantified in cost terms as the ratio of cost of repair to cost
of replacement taking values from 0: no damage (cost of
repair equals 0) to 1: complete damage (cost of repair
equals the cost of replacement).
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Figure 8. Typical set of fragility curves.

In the following paragraphs we will briefly present the
methodology used to derive fragility curves for bay-single
story RC buildings located next to the ridge of a potentially
unstable slope. Contrary to earthquake engineering where
the structure is subjected to ground shaking now it is sub-
jected to forced differential displacement due to the earth-
quake-triggered landslide and subsequently to structural
distress and damage. Figure 10 illustrates the parameters
of the problem under study.

The method is principally based on a two-step numerical
approach and adequate statistical analysis First, the total
and differential permanent displacements are estimated
considering the actual stiffness and weight of the building
and its foundation, using a plane strain FLAC2D (Itasca
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2011) finite difference, non-linear dynamic slope model.
The same numerical tool has been used for the develop-
ment of the analytical expressions of permanent coseismic
slope displacements presented in previous paragraphs. The
width and the height of the model are selected in a way that
the effects of artificial wave reflections from the boundaries
near the slope are sufficiently reduced. For the same pur-
pose, free field and quiet boundaries are applied along the
lateral boundaries and the bottom of the dynamic model
respectively.

m

Expected damage index d

0 1 2 3 4 5
PGD (m)
Figure 9. Vulnerability curve and vulnerability index (dm).
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Figure 10. Idealized single bay-single storey RC frame
building with flexible (left) and stiff (right) foundation sys-
tem and displacement loading pattern considered for the
non-linear quasi-static analysis.

The soil materials (sandy or clayey) are modeled using the
same elastoplastic constitutive model used in Section 2.2.1
to estimate the seismic slope displacements. It is noticed
that the sliding surface is not predefined but “emerges”
naturally, following the elastoplastic constitutive law.

To illustrate the methodology an idealized structure, repre-
sentative of typical RC frame buildings, is assumed to be
located next to the slope’s crest (Figure 10). Shallow foun-
dation systems of different stiffness characteristics are con-
sidered: isolated footings and/or a uniform loaded continu-
ous slab foundation. In the first case, the foundation is sim-
ulated with concentrated loads at the footings’ links assum-
ing no relative slip and/or separation between foundation
and subsoil. In the second case, the foundation system is
modeled as a deformable elastic beam connected to the soil
elements’ grid through appropriate interface elements that
can approximate the potential Coulomb sliding and/or ten-
sile separation of the beam.

The seismic input applied along the base of the model con-
sists of a sufficient number of gradually increasing accelera-
tion time histories recorded on rock outcrop (Fotopoulou &
Pitilakis 2013a; 2013b). The output of the full dynamic
analyses consists of the vectors of the permanent displace-
ments at the level of the foundation system.

Then, non-linear static time history analyses of the building
are performed to assess the building’s response to the dif-
ferential ground deformation computed in the previous step.
The analyses are conducted using the finite element code
Seismo-Struct (Seismosoft 2011) for progressively increas-
ing levels of differential displacements provided by the
computed dynamic stress strain analysis for increasing am-
plitudes of input acceleration time histories. The derived
differential displacements at the foundation level are im-
posed quasi-statically at one of the RC building supports
(footings).

The studied building is a low-rise RC bare frame structure
with flexible or stiff foundation system designed with “low”
or “high” seismic code prescriptions. Both local (beam-
column effect) and global (large displacements/rotations
effects) sources of geometric nonlinearity are automatically
taken into account. Nonlinear constitutive models are used
to simulate the behavior of RC materials since cracking and
irreversible deformations are normally expected to govern
the building’s response. The “fiber approach” is used to rep-
resent the cross-section behaviour, where each fiber is as-
sociated with a uniaxial stress-strain relationship. More spe-
cifically, a uniaxial nonlinear constant confinement model
considering a constant confining pressure throughout the
entire stress-strain range is used for the concrete material
(Mander et al. 1988) whereas a uniaxial bilinear stress-
strain model with kinematic strain hardening is utilized for
the reinforcement. Structural response data in terms of
maximum material strain are then statistically correlated to
the corresponding limit damage states and the landslide
intensity parameters to estimate structure’s performance
and fragility.

The next step is the derivation of the fragility curves for the
four damage states LS;, LS,, LS; and LS. A two-parameter
lognormal distribution function is adopted to represent a
fragility curve F(IM) for a predefined damage/limit state:

where IM is the intensity measure, ®[:] is the standard
normal cumulative distribution function, IM; is the median
value of the specified intensity parameter at which the
building reaches the limit state i, B is the standard deviation
of the natural logarithm of the specified intensity parame-
ter.
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The landslide intensity may be expressed in terms of PGA at
the seismic bedrock, which is the initial triggering force of
the slow-moving slide. Alternatively, the permanent ground
displacement (PGD) at the slope area (i.e. a product of
PGA) may be used as an intensity parameter. The latter is
generally better correlated to structural deformation and
damage (Fotopoulou 2012) and it is used in the next. The
proposed predictive relationships presented in Section 2.2
which correlate the numerically calculated seismically in-
duced permanent slope displacements with optimal scalar
and vectors IMs should be used for the direct estimation of
the PGD used throughout this paper as IM.

Different procedures can be applied to estimate the log-
normally distributed fragility parameters (median and log-
standard deviation) given the simulated damage data. A
purely statistical approach, i.e. the Maximum Likelihood
Method (Shinozuka et al. 2000) is implemented in this
study. A common log-standard deviation, which forces the
fragility curves not to intersect, is assumed for all limit
states. More information regarding the adopted optimization
procedure is given in Fotopoulou & Pitilakis (2013b).

3.2 Derivation of fragility curves

In order to construct an abacus of fragility curves applicable
to low-rise RC frames for various soil conditions and slope
configurations, an extensive parametric investigation is per-
formed based on the proposed method. The main parame-
ters selected to vary are associated to (see Figure 10): the
geometry of the finite slope (slope height h=20, 40 m,
slope inclination i=15°, 30°, 45°), the soil properties of the
slope material (soft to stiff clayey and sand soils corre-
sponding to soil categories B, C and D of EC8 with Vs,30
values varying from 150m/s to 500m/s) as well as the rela-
tive position of the building with respect to the slope crest
(L=3, 5 m). Six simplified - yet realistic- step-like slope
configurations are considered. For each geometry, 4 differ-
ent models are developed that vary on the soil conditions
(sand, clay) of the surface layer and the relative location of
the building to the slope crest (L=3, 5 m). It is noticed that
the soil properties of the slope materials are consistent with
the considered inclination angles to ensure static slope sta-
bility. Thus, it does not make any sense to analyze steep
slopes with soft soil, as the slope would be already unstable
in static conditions. It is also worth noting that only the
cases that result to the highest susceptibility to landsliding
are modeled. For instance, slopes with small inclination
(i=15°) on stiff soil are not investigated as the resulting
permanent deformation and consequently the building ex-
pected damage would be negligible and thus out of the
scope of this study. More details regarding the assumed
properties for the soil materials and the elastic bedrock can
be found in Fotopoulou & Pitilakis (2013b).

The seismic excitation applied at the base of the model con-
sists of a suite of 7 real acceleration time histories from
different earthquakes worldwide recorded on rock outcrop-
ping conditions (see Fotopoulou & Pitilakis 2013b for de-
tails) and scaled at different levels of PGA i.e. 0.3g, 0.5g,
0.7g and 0.9g. Some additional analyses for lower levels of
PGA (e.g. 0.1 ) were deemed necessary for certain models
in order to obtain reliable results for all damage states.

The herein studied building (Figure 10; left) is a single bay-
single storey RC bare frame structure with flexible founda-
tion system. The building’s height and length are 3.0 m and
6.0 m respectively. All columns and beams have rectangular
cross sections (beam: 0.30x0.50 m, column: 0.40x0.40 m).
The structure has been designed according to the provisions
of the Greek Seismic Code (EAK 2000), for a design accel-
eration Ad = 0.36 g, and a behavior factor g = 3.5. The
specified yield stress of reinforcing steel and the compres-
sive strength of concrete are 400MPa and 20MPa respec-
tively. The adopted dead and live loads (g = 1.3 kN/m? and
g = 2 kN/m?) are typical values for residential buildings.

The longitudinal section reinforcement degree used is 1%
for the columns and 0.75% for the beams.

Limit states (LS) are defined in terms of threshold values of
steel and concrete material strain. The first limit state is
specified as steel bar yielding whereas for the rest, mean
values of post-yield limit strains for steel reinforcement and
concrete material are suggested for both “low” and “high”
code designed RC buildings, as shown in Table 11.

Table 11. Definition of limit states for “low” and “high”
code design RC buildings.

LS Limit strains —“low” Limit strains -“high”
code code
Steel Concrete Steel Concrete
strain(€®) strain (&) strain (€°) strain (&)

1 yielding - yielding -

2 0.0125 0.0045 0.0125 0.005

3 0.025 0.006 0.04 0.010

4 0.045 - 0.06 -

The parametric analysis results to the construction of fragili-
ty curves as a function of the PGD at the slope area for the
different investigated models. The log-normal parameters
(median and log standard deviation) of the fragility relation-
ships were obtained with the aid of Maximum Likelihood
Method. The derived fragility curves can be used to assess
the vulnerability of low-rise, “high-code” RC buildings on
isolated footings subjected to seismically induced slope dis-
placements for a variety of slope configurations and site
conditions. Similar curves, generally associated with a more
rapid transition from slight damage to collapse could be
derived for “low-code” RC frame structures.

Figures 11 to 14 illustrate some representative results of
fragility curves using PGD as IM. In particular Figure 11
presents the fragility curves for extensive damages (LSs) for
a 20m high sandy slope with three different inclinations
(15°, 30° and 45°). Figure 12 presents the fragility curves
for the four damage states when the building is located at
the ridge of a sandy slope (with inclination of 30°) of differ-
ent heights (20m and 40m). Figure 13 presents the differ-
ences between sandy and clayey slopes with an inclination
of 30° and a height of 20m. Finally Figures 14a and 14b
illustrate the fragility curves for the four damage states
according to the distance of the building from the crest of
the slope (sandy or clayey with a height of 20m and an in-
clination of 30°).
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Figure 11. Fragility curves for extensive damage as a func-
tion of PGD when varying slope inclination for sand slope
soil material.
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Figure 12. Fragility curves as a function of PGD when vary-
ing slope height (h= 20, 40m) for 30° inclined sand slopes.
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Figure 13. Fragility curves as a function and PGD when
varying the slope soil properties (sand, clay) for 30° in-
clined slopes.

From these representative examples it is observed that the
structure’s vulnerability may vary significantly with respect
to the various considered features. It is shown that, as it
was expected, the slope inclination plays a fundamental role
in the fragility analysis of the building standing next to the
slope’s crest. However, it should be regarded in conjunction
to the slope soil properties to obtain meaningful conclu-
sions. Thus, for the sand slope, the building would suffer
more damage as the slope inclination increases. On the
contrary, for the clayey slope, the building is expected to
sustain less structural damage when standing on the 45°
inclined slope compared to the gentler ones, due to the stiff
cohesive soil conditions assumed for the steep slope config-
uration.

The soil material is certainly a significant parameter in as-
sessing building’s vulnerability standing near the crest of a
potentially precarious slope. Slopes consisting of clay mate-
rial generally demonstrate better performance compared to
sands when subjected to differential permanent ground dis-
placements, resulting to lower vulnerability levels for the
building. This is largely due to the inherent cohesive behav-
ior of clay soil material that is associated to the formation of
larger and deeper sliding surfaces. Thus, the considered
one-bay building located at a close distance (i.e. 3m) from
the slope’s crest would be practically within the sliding mass
and therefore it is primarily expected to move uniformly
with the landslide mass, rather than to distort differentially.
The above observation is more noticeable as the slope incli-
nation increases, i.e. for the stiffer clayey soil materials.
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Figure 14. Fragility curves as a function of PGD for sand
(top) and clayey (bottom) slopes when varying the distance
from the crest (L= 3, 5m).

The slope height can moderately affect the structure’s fra-
gility. However, apart from some exceptions, lower vulnera-
bility values of the building were observed with increased
slope heights. A plausible explanation of the latter is that in
the case of higher slopes the mobilized sliding mass is larg-
er and thus it affects more the building located close to the
crest in terms of total displacements, which are larger,
while the differential displacement demand on the building,
which really affects the damages, is reduced.

The distance of the building from the crest of the slope may
also considerably influence its vulnerability to the perma-
nent slope displacement. For sand slopes, the building is
expected to suffer less damage as the distance from the
crest increases. On the contrary, for the clayey slopes, the
more distant building from the crest would be more vulner-
able. This differentiation lies again on the nature of the
slope soil materials involved, which are associated to the
formation of sliding surfaces that may vary for very small
and shallow for sands brittle slopes to large and deep for
clayey deformable slopes. Thus, the assumed one-bay
building standing at 3m from the crest of the clayey slope is
basically within the landslide mass and moves rather uni-
formly as a rigid body whereas for increasing distances from
the crest (5m) the building shifts (partially) outside the
landslide mass and therefore it exhibits higher differential
(rather than uniform) ground displacements and hence
more structural damage. On the other hand, the building
located at the closest distance from the crest (i.e. 3m) of
the sand slope is outside the landslide mass and conse-
quently it is subjected to extensive differential deformation
demand that is gradually decayed as the distance from the
crest increases.
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3.3 Generic fragility curves

Seven sets of fragility curves in terms of PGD are proposed
herein that could be used for engineering applications based
on the main features that proved to be the most influential
in assessing the vulnerability of the building to the differen-
tial permanent deformation due to the landslide hazard.
These are principally the slope inclination and the soil mate-
rial of the slope, which are highly correlated. The slope
height is also proved to be a significant contributor to the
building’s fragility for the steep sand slope configurations.
Thus, for the 45° inclined sand slopes fragility curves are
also differentiated with respect to the considered slope
height (h=20, 40 m). It is noted that the proposed curves
have been constructed considering the most adverse posi-
tion of the building with respect to the landslide zone that
was found to be different for sand and clay slopes. It is also
important to note that the curves presented herein refer to
“high-code”, adequately confined RC frame structures. Ta-
ble 12 presents the median and the dispersions of the sug-
gested curves. As already shown, the building founded close
to the crest of sand slopes is expected to demonstrate a
greater damaging potential than the respective clayey ones.
The corresponding fragility curves referring to sand slopes
are generally shifted to the left compared to clays and they
are associated with a more rapid transition from slight to
complete damage limits. These differences are becoming
more pronounced as the slope inclination increases. The
dispersion of the suggested curves is found to vary from
0.40 to 0.50. Larger B values are expected for the 45° slope
configurations and for clayey soil materials.

Table 12. Parameters of the proposed fragility functions in

terms PGD.

Perametric Median PGD (m) Dispersion
models LS1 LS2 LS3 LS4 B
sand_i30 0.15 0.39 0.87 1.64 0.43
clay_i30 0.22 0.67 1.70 3.43 0.43
sand_il5 0.24 0.60 1.29 2.19 0.40
clay_il5 0.28 0.94 2.31 - 0.43
sand_i45_h20 0.09 0.18 0.47 0.91 0.43
sand_i45_h40 0.04 0.16 0.45 0.67 0.50

clay_i45 0.77 1.72 - - 0.47

4 ILLUSTRATIVE EXAMPLE

An illustrative application of the proposed vulnerability
model and of the derived fragility functions is presented
herein. A 30° inclined sand slope is considered with a yield
coefficient k, equal to 0.1. A low-rise RC frame building with
flexible foundations standing next to the slope's crown (i.e.
3m) is considered impacted by the seismically induced slope
displacements due to the landslide hazard. Based on the
proposed generic fragility curves (presented in Section 3.3),
Figure 15 presents the appropriate set of fragility curves for
the given structure, soil conditions and slope configuration
while Figure 16 shows the corresponding vulnerability
curve.

We consider the same scenario earthquake as in Section
2.2.6 represented by a real ground motion derived from the
SHARE database. The main characteristics of the recorded
ground motion and the estimated ground motion intensity
parameters have been presented in Tables 8 and 9 respec-
tively while the median £1 o predictions for the proposed
scalar and vector models have been depicted in Table 10 for
the considered earthquake scenario and slope properties. As
shown in the table, the estimated median slope displace-
ment values vary from 0.118 to 0.140m for the different

proposed simplified expressions. Thus, for the maximum
calculated level of PGD (i.e. 0.14m), the probability of ex-
ceeding LS; is estimated as 0.4 (see Figure 14) whereas the
expected damage index d,, is calculated as 0.1 (see Figure
15). Hence, for the estimated level of PGD, rather slight
damages are expected for the building.
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Figure 15. Fragility curves as a function of PGD for the
given slope configuration and soil properties.
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Figure 16. Vulnerability curve as a function of PGD for the
given slope configuration and soil properties.

5 CONCLUSIONS

A coherent approach is presented to evaluate the vulnera-
bility of buildings founded close to the crest of precarious
landslide slopes after a strong earthquake.

In the first part a set of new predictive models and analyti-
cal expressions for assessing the coseismic displacements of
slopes is presented and compared with existing empirical
models generally referred as Newmark-type models. The
new analytical expressions are based on a comprehensive
set of numerical analyses of representative slope geome-
tries and soil conditions. Advance statistics of the numerous
results of the numerical computations, allowed the deriva-
tion of the analytical predictive expressions of co-seismic
slope displacements to be used in earthquake engineering
practice. The proposed expressions relate the co-seismic
slope displacement with the best-correlated scalar and vec-
tor intensity parameters describing seismic hazard and site
effects.

In the second part of the paper an analytical method for
assessing the vulnerability of low-rise RC buildings subject-
ed to seismically induced slope displacements is shortly
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described. Generic probabilistic fragility functions were pro-
posed based on the features that have proved to affect
more drastically the vulnerability of the building, i.e. slope
inclination and height as well as soil material of the slope.
The proposed fragility curves can be applied to evaluate the
physical (structural) vulnerability of low-rise RC buildings
subjected to earthquake induced slope displacements. The
analytical expressions proposed in the first part of the paper
for the co-seismic slope displacements (PGD or D) can be
used as IM. The methodology can be extended to any type
of building. An example given at the end illustrates the
whole approach.
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NMPOZEXEI2
FEQTEXNIKEZ
EKAHAQZEI2

Ma TIC NaAaIOTEPEG KATAXWPNOEIG NEPICOOTEPEG NANPOPOPI-
€G pnopoUv va avalntnbouv oTta nponyoUueva TeUXn Tou
«repIodIKoU» Kal OTIG NapaTIBEPEVEG I0TOTEAIDEG.

3 ICTG - 3" International Conference on Transportation
Geotechnics 4 - 7 September 2016, Guimaraes, Portugal,
www.civil.uminho.pt/3rd-ICTG2016

IAS’5 5% International Conference on Geotechnical and Ge-
ophysical Site Characterisation, 5-9 September 2016, Gold
Coast, Queensland, Australia, http://www.isc5.com.au

Urban Underground Space & Tunneling Asia Summit 2016,
September 6-9, 2016, Singapore, WwWw.equip-
global.com/urban-underground-space-and-tunnelling-asia-
summit-2016

The World Multidisciplinary Earth Sciences Symposium-
WMESS 2016, 5-9 September 2016, Prague, Czech Republic
www.mess-earth.org

3 European Conference on Unsaturated Soils E-UNSAT
2016, 12-14 September 2016, Paris, France,
http://eunsat2016.sciencesconf.or

ACCUUS 2016 15 World Conference Underground Urbani-
sation as a Prerequisite for Sustainable Development, Sep-

tember 12-15, 2016, http://acuus2016.com

SAHC 2016 - 10th international Conference on
Structural Analysis of Historical Constructions 13-15 Sep-
tember 2016, Leuven, Belgium, www.sahc2016.be

Hydropower Development Europe 2016 - Flexible hydro-
power and pump storage generation for a safe renewable
electricity system, 14 - 15 September 2016, Lyon, France,
http://www.wplgroup.com/aci/event/hydropower-
development-europe-2016

13 Baltic States Geotechnical Conference Historical Experi-
ences and Challenges of Geotechnical Problems in Baltic Sea
Region, 15 - 17 September 2016, Vilnius, Lithuania,
http://www.13bsgc.lt

Dam Surveillance Practice - 3rd Experts Seminar, 18 - 23
Sep 2016, Landeck, Tyrol, Austria, www.atcold.at/de/home-
1/41-2016-veranstaltungen/155-dam-surveillance-practice-
2016

ACE 2016 12™ International Congress on Advances in Civil
Engineering, 21-23 September 2016, Istanbul, Turkey,
http://www.ace2016.0org

International Geotechnical Engineering Conference on Sus-
tainability in Geotechnical Engineering - Practices and Re-
lated Urban Issues, 23-24 September 2016, Powai, Mumbai,
India, www.igsmumbaichapter.in

EuroGeo 6 - European Regional Conference on Geo-
synthetics, 25 - 29 Sep 2016, Istanbul, Turkey,
www.eurogeob6.org

8th Nordic Grouting Symposium State of the art - Future
Development, 26-27 September 2016, Oslo, Norway,
http://nordicgrouting.com

SOFT SOILS 2016 - International Conference on Problematic
Soils and Ground Improvement September 26-28th, 2016,
Bandung, Indonesia www.softsoils2016.org

5% International Scientific Conference on Industrial and
Hazardous Waste Management, 27 - 30 September 2016,
Chania, Crete, Greece, http://hwm-conferences.tuc.gr

Basements and Underground Structures 2016, 5-6 October
2016, London, United Kingdom,
https://basements.geplus.co.uk

2" International Specialized Conference on Soft Rocks -
ISRM 2016 Understanding and interpreting the engineering
behavior of Soft Rocks, 6-7 October 2016, Cartagena, Co-
lombia, www.scg.org.co/?p=1634

o3 O

GED-EXPO 2016

4\
Scientific-Expert Conference
Geotechnics, Ecological Engineering
And Sustainable Development
October 7 - 8, 2016, Banja Luka, Bosnia and Herze-
govina

www.geotehnika.ba/en/Home.php

The Geotechnical Society of Bosnia and Herzegovina organ-
izes annual scientific and expert conference GEO-EXPO
2016 in Banja Luka on October 7 - 8, 2016.

The following topics are covered:

ecological engineering and sustainable development,
landslides,

landfills,

foundations,

roads,

underground objects,

open pits,

materials and

infrastructure.

For additional information, please contact us on e-mail ad-
dress geotehnika@geotenhika.ba

(C- 4R -0

HYDRO 2016 - Achievements, opportunities and challenges
10-12 October 2016, Montreux, Switzerland,
www.hydropower-dams.com/hydro-2016.php?c id=88

The British Tunnelling Society Conference and Exhibition
2016, October 11 - 12, 2016, London, United Kingdom,
www.btsconference.com

65th Geomechanics Colloquium 2016, Georg Feder Collo-
quium, October 13 - 14%, 2016, Salzburg, Austria,
www.oeggd.at/en/geomechanics-colloquium-3/65th-

geomechanics-colloguium-2016-georg-feder-colloquium-79
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ARMS 9, 9th Asian Rock Mechanics Symposium, ISRM Regi-
onal Symposium, 18-20 October 2016, Bali, Indonesia,
http://arms9.com

SFGE 2016 Shaping the Future of Geotechnical Education
International Conference on Geo-Engineering Education
20 - 22 October 2016, Minascentro, Belo Horizonte, MG,
Brazil, http://cobramseg2016.com.br/index.php/sfge-
sobre/?lang=en

10" ICOLD European Club Symposium & Exhibition, 25-30
October 2016, Antalya, Turkey, http://trcold.com

1%t International Symposium on Seismic Rehabilitation of
Heritage Structures 30-31 October 2016, Tehran, Iran,
www.srhs.ir

NEMO International Conference Probing the Santorini vol-
cano for 150 years / AieBveég ouvedpio NEMO 150 xpovia
MEAETNC n@aloTeiou TnG =avTtopivng, 3-5 November 2016,
Santorini, Greece, http://nemo.conferences.gr

GeoAsia 6 - 6™ Asian Regional Conference on Geosynthetics
8-11 November 2016, New Delhi, India,
http://seags.ait.asia/news-announcements/11704

3rd Annual Underground Infrastructure & Deep Foundations
UAE, 13 - 15 November 2016, Dubai, United Arab Emirates,
www.undergrounduae.com

Risk Management in Underground Construction, November

14-16, 2016, Florida University, USA,
http://undergroundriskmanagement.com/agenda

5™ International Conference on Geotechnical Engineering
and Soil Mechanics, 14-16 November 2016, Tehran, Iran,
www.icgesm2016.ir

RARE 2016 Recent Advances in Rock Engineering
16-18 November 2016, Bangalore, India, www.rare2016.in

TBM DiGs Istanbul 2016 2" International conference on
“TBM DiGs in difficult grounds”, 16-18 November 2016, Is-
tanbul, Turkey, www.tbmdigsturkey.org

International Seminar on Roads, Bridges and Tunnels, 18-
24 November 2016, Thessaloniki, Greece,
http://isrbt2016.civil.auth.gr

GEOTEC HANOI 2016, The 3™ International Conference on
Geotechnics for Sustainable Infrastructure Development,
24-25 November, Hanoi, Vietham, www.geotechn.vn

TUNNELLING SUMMIT - Pinpointing project opportunities
and exploring innovation in tunnelling, 7-8 December 2016,
London, U.K., https://tunnelling.newcivilengineer.com

5% International Conference on Forensic Geotechnical Engi-
neering, 8-10 December 2016, Bangalore, Karnataka, India,
http://5icfge.com

International Symposium on Submerged Floating Tunnels
and Underwater Tunnel Structures (SUFTUS-2016), 16—18
December 2016, Chongqging, China, www.cmct.cn/suftus

International Workshop on “Advances in Multiphysical Test-
ing of Soils and Shales”, 18-20 January 2017, Villars, Swit-
zerland, http://atmss.epfl.ch

ICNCGE-2017 International Conference on New Challenges
in Geotechnical Engineering, 23 January 2017, Lahore, Pa-
kistan, www.pges-pak.org/home/icncge-2017

4th Arabian Tunnelling Conference & 20th Gulf Engineering
Forum - Advancing Underground Space, 21-22 February
2017, Dubai, UAE, www.atcita.com

AFRICA 2017 - Water Storage and Hydropower Develop-
ment for Africa, 14-16 March 2017, Marrakech, Morocco,
www.hydropower-dams.com/AFRICA-2017.php?c id=89

2" International Conference on Geotechnical Research and
Engineering (ICGRE'17), April 3 - 4, 2017, Barcelona, Spain,
http://icgre.or:

(C 480/
— _ 9th International Symposium on
CBT i Geotechnical Aspecis of
' 'i"LRNAﬁéI.IAPTG Underground Construction in
COMMITTER Soft Ground, IS - Sio Paule 2017

Aprll 4 and 5, 2017 - S3a Paulo - Brazll
www.is-saopaulo.com

On behalf of the Brazilian Association for Soil Mechanics and
Geotechnical Engineering (ABMS) and the Brazilian Tunnel-
ing Committee (CBT), we are pleased to invite you to par-
ticipate in the 9th International Symposium on Geotech-
nical Aspects of Underground Construction in Soft Ground,
IS - Sdo Paulo 2017.

The TC-204 Symposia have been traditionally high-level
events, where specialists from around the world join to pre-
sent and discuss their contributions and experiences in un-
derground construction in soft ground.

Contact us

Organization and Sales

MCI Sao Paulo

Rua George Ohm, 230 - Torre A, 199 Andar
04576-020 - S3o Paulo - SP

Fone / Fax: 55 11 3056-6000
atendimento@mci-group.com
helpdeskbrasil@mci-group.com

o3

EURO:TUN 2017 IV International Conference on Computa-
tional Methods in Tunneling and Subsurface Engineering, 18
— 20 April 2017, Innsbruck, Austria, www.eurotun2017.com

TechnoHeritage 2017 3rd International Congress Science
and Technology for the Conservation of Cultural Heritage,
May 20-23, 2017, Cadiz, Spain,
http://technoheritage2017.uca.es

EPS’'17 5% International Conference on the Use of EPS
Geofoam Blocks in Construction Applications, 22-24 May
2017, Istanbul, Turkey, www.geofoam2017.0rg

Rapid Excavation and Tunneling Conferrence, June 4-7,
2017, San Diego, USA, www.retc.org

o3 D
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EURASIAN
" GEOTEXTILES

Hetd under the auspices of l& CiNTA  edana

EurAsian Geotextiles Symposium 2017
07 - 08 June 2017, Beijing, China
www.edana.org/education-events/conferences-and-
symposia/event-detail /eurasia-geotextiles-
symposium-2017

Organised under the auspices of IGS, the EurAsian Geotex-
tiles Symposium (EAGS) will take place in Beijing on 7-8
June 2017. The first event of its kind, the EAGS is a two-
day conference and exhibition covering markets, products
and technology for geotextiles. Featuring a conference and
an exhibition, the EAGS is designed to cover both nonwoven
and woven geotextiles and to encompass the entire value
chain, from raw materials to buyers and users of geotex-
tiles, in Greater Europe and Asia.

The Symposium’s programme will include the following
themes:

- Best practice in specifications of geotextiles
- Improved understanding of the market for geotextiles
- Identification of new opportunities for growth

This event will be co-organised by CNITA, the China Non-
wovens & Industrial Textiles Association, and EDANA, the
leading global association serving the nonwovens and re-
lated industries. The Symposium is focussed on geotextiles
in Eurasia and aimed at supporting the growth of the geo-
textiles market in China and in Asia as a whole and helping
companies access this dynamic market.

The EAGS is designed to offer extensive networking oppor-
tunities, attracting leading decision makers from across the
geotextiles supply chain. Top level speakers will give pres-
entations on recent and upcoming developments of 2 relev-
ance for geotextiles markets in Europe and Asia and the
table top exhibition will provide a unique opportunity for
companies to meet new and existing business partners and
promote their products and services.

Further information

Is available at:
http://www.edana.org/educationevents/conferences-and-
symposia/event-detail/eurasia-geotextiles-symposium-2017
eva.fabbri@edana.org

O3 D

World Tunnel Congress 2017 Surface challenges — Under-
ground solutions, 9 to 16 June 2017, Bergen, Norway,
www.wtc2017.no

EUROCK 2017 Human Activity in Rock Masses, 20-22 June
2017, Ostrava, Czech Republic, www.eurock2017.com

BCRRA 2017 Tenth International Conference on the Bearing
Capacity of Roads, Railways and Airfields, 28th to 30th June
2017, Athens, Greece, www.bcrra2017.com

GeoMEast2017, 15 - 19 July 2017, Sharm EI-Sheik, Egypt,
www.geomeast2017.org

3" International Conference on Performance-based Design
in Earthquake Geotechnical Engineering (PBD-II1), July 16 -
19, 2017, Vancouver, Canada, http://pbdiiivancouver.com

19" International Conference on Soil Mechanics and Geo-
technical Engineering, 17 - 22 September 2017, Seoul, Ko-
rea, www.icsmge2017.org

AfriRock 2017, 1st African Regional Rock Mechanics Sympo-
sium, 2 — 7 October 2017, Cape Town, South Africa,
Www.saimm.co.za/saimm-events/upcoming-events/afrirock-
2017

Geotechnique Symposium in Print 2017 Tunnelling in the
Urban Environment, http://www.icevirtuallibrary.com/pb-
assets/Call%20for%20Papers/Geo-Symposium-CFA-AW. pdf

(C- 4R -0

GeoAfrica 2017

3rd African Regional Conference on Geosynthetics

9 - 13 October 2017, Morocco

(C- 4R -0

PARIS 2017 AFTES International Congress "The value is
Underground"”, 13-16 November 2017, Paris, France,
www.aftes2017.com

o3 O

WTC 2018
Dubai

World Tunnel Congress 2018
20-26 April 2018, Dubai, United Arab Emirates

(C- 4R -0

EUROCK 2018
22-26 May 2018, Saint Petersburg, Russia

Contact Person: Prof. Vladimir Trushko
Address: 21-st line V.O., 2

199106 St. Petersburg

Russia

Telephone: +7 (812) 328 86 71

TA NEA THZ EEEEI'M - Ap. 93 — AYITOY2TOZ 2016

ZeAida 34



Fax: +7 (812) 328 86 76
E-mail: trushko@spmi.ru

o3 D

16th European Conference on Earthquake Engineering
(16""ECEE), 18-21 June 2018, Thessaloniki, Greece,
www.l6ecee.org

CPT’18 4th International Symposium on Cone Penetration
Testing, 21-22  June 2018, Delft, Netherlands,
www.cptl8.org

UNSAT2018 The 7" International Conference on Unsaturat-
ed Soils, 3 - 5 August 2018, Hong Kong, China,
www.unsat2018.org

11th International Conference on Geosynthetics (11ICG), 16
- 20 Sep 2018, Seoul, South Korea, www.11icg-seoul.org

(C-fR-0)

ARMS10
10th Asian Rock Mechanics Symposium
ISRM Regional Symposium
October 2018, Singapore
www.arms10.org

Contact Person: Prof. Yingxin Zhou
Address: 1 Liang Seah Street
#02-11 Liang Seah Place
SINGAPORE 189022

Telephone: (+65) 637 65363

Fax: (+65) 627 35754

E-mail: zyingxin@dsta.gov.sg

(C-fR-0)

14th ISRM International Congress
2019, Foz de Iguacu, Brazil

Contact Person: Prof. Sergio A. B. da Fontoura
E-mail: fontoura@puc-rio.b

(C-fR-0)

ISDCG 2019
7th International Symposium on
Deformation Characteristics of Geomaterials
26-28 June 2019, Strathclyde, Scotland, UK,

Organizer: TC101

o3 O

The 17th European Conference on
Soil Mechanics and Geotechnical Engineering
15t - 6" September 2019, Reykjavik Iceland
www.ecsmge-2019.com

The theme of the conference embraces all aspects of geo-
technical engineering. Geotechnical engineering is the
foundation of current as well as future societies, which both
rely on complex civil engineering infrastructures, and call
for mitigation of potential geodangers posing threat to the-
se. Geotechnical means and solutions are required to en-
sure infrastructure safety and sustainable development.
Those means are rooted in past experiences enhanced by
research and technology of today.

At great events such as the European Geotechnical Confer-
ence we should: Spread our knowledge and experience to
our colleagues; Introduce innovations, research and devel-
opment of techniques and equipment; Report on successful
geotechnical constructions and application of geotechnical
design methods, as well as, on mitigation and assessment
of geohazards and more.

Such events also provide an opportunity to draw the atten-
tion of others outside the field of geotechnical engineering
to the importance of what we are doing, particularly to
those who, directly or indirectly, rely on our services,
knowledge and experience. Investment in quality geotech-
nical work is required for successful and safe design, con-
struction and operation of any infrastructure. Geotechnical
engineering is the key to a safe and sustainable infrastruc-
ture and of importance for the society, economy and the
environment. This must be emphasized and reported upon.
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ENAIAGEPONTA
FEEQTEXNIKA NEA

O1 katappdakTeg Tou Niaydpa Xwpic vepo

To kaAokaipl Tou 1969 pia ouada pNXavik®v Tou auePIKavi-
koU oTpaToU JIEKOWE Tn por OTOUG KATappAakTeg Tou Niaya-
pa MPOKEIYEVOU VA MpayHaTonolinoel YEWAOYIKEG E£PEUVEG
META ano KaToAIoBROEIG Nou gixav onuelwdei . MNa oxedov £E
MMAVEG Ol KATAPPAKTEG NOU BpioKovVTaAl OTNV AUEPIKAVIKN MAE-
upd, éueivav Xwpig vepo peta and 12 .000 xpovia ouveyoug
pong. MNa To €pyo oI Apepikavoi £pTia€av €va TepAoTIO
@payua 182 PETPWV OTOV MOTAPO €KTPEMNOVTAG TN POM MPOG
TN YepIa Tou Kavadda. O1 unxavikoi HEAETNOAV TNV KOIThH Tou
notapoU wOTE va evTomiocouv TuxXOv npoBAnuarta nou Ba
Jnopouaav va npokaAéoouv diaBpwaon Tou £dagouc.

‘000 ol unxavikoi €&€radav Tov NoTapo dnuioupynbnke €vag

NPOowWpPIVOG JIAdPOUOC MOU EMETPENE OTOUG EMICKEMNTEG va

OouV TO anpoaITo Kal OKANPO Tomio. TNV apxn TouG GAvnKe

napagevo Kal anoyonTeUTIKO To BEapa. 3TN OUVEXEIQ OHWG
0AOEvVa KAl MEPITOOTEPOI EMICKENTOVTAV TNV MEPIOXN Yid va
douv anod KovTda Toug oTeyvoUG KaTappdakTes. Katd To xpovi-
KO dIACTNHA NMOU Ol KATAPPAKTEG EUEIVAV OTEYVOI avakaAlgp-
fnkav dUo NTwuaTa, VoG avdpa Kal piag yuvaikag.

Tov NoéuBpio Tou 1969 pnpoota os 2.650 BeaTeg ouvepyeia
avaTivagav To @pdyua Kair n pon anokatactadnke. O1 Kka-
TappakTeg Tou Niaydpa €ival cUpnAgypa Tou notapou Nia-
yapa, ota diebvn ouvopa peTa&l Tou OvTtapio atov Kavadd
kal Tng noAireiag Tng Néag Yopkng. AnotelouUvTal anod duo
MeyaAa TuAuaTta nou xwpilovral and To vnoi Goat : ol Ka-
TappakTeg Horseshoe, n nAsiovoTnTa Twv onoiwv PBpiokeTal
otnv Kavadikr nAeupd Twv ouvopwv Kal Twv Americans
Falls otnv Apepikavikry nAeupd. O1 pikpoTepol Bridal Veil
Falls BpiokovTal oTnv apepikavikr nAgupd, aAAd diaxwpilov-
Tal ano Toug AaAAoug We To vnai Luna. AkOua kal PETA TI gp-
Yaoieg TWV UNXavikwv To vnoi Luna €ueive KAEIOTO yia TO
KOIVO KaBwg unnpxe o GOBog TNG aoTabeiac.

O1 kaTappdakTeg Tou Niaydpa €xouv peydAo nAATog. Meploco-
Tepo and 6 ekatoppUpla KUBIKG NoOdia veEPOU MEPTOUV KABE
AenTd KATa TNV NEPiINdO TNG UWNANG PongG Kai oxedov 4 eka-
ToMMUpIa KUBIKG nodia kaTta Wéoo Opo. Eival ol nio 1oxupoi
KATappakTeg oTn Bopeia Apepikn.

Mnyn:mixanitouxronou.gr

(30 AuyouaoTou 2016)
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ENAIA®EPONTA -
2EI2MOI

ZouBevip ano Tnv kovrava
Avapeoa otnv Kunpo kai Tnv KpATn, o apxaiote-
poG BuBAG TOU KOGHOU

.'. I ,1'9

A
H Meoodyeiog BswpeiTal anopeivapl Tou apxaiou wkeavou TnG
TnOuog

Me Ta n@aioTeia va gEpvouv ayua anod Ta Basn kai TG Tek-
TOVIKEG MAGKEG va KivouvTal agvaa, o yhivog (pAoIog avave-
WVETAl OUVEXWG Kal oXedOV Kaveva TUNHA Tou dev pEvel id1o.
daiveTal OJWG OTI UNAPXE! Wia €Eaipeon: €va KOUUATI GAoIoU
otnv AvaToAikry Megoyelo nou deixvel va €xel nAikia 340
EKATOMMUPIWV €TV, Kal dev anokKAgieTal va eival anopsivapl
ano Tnv noxn TnG unepnneipou NkovTRava.

MeAétn otnv enmBswpnon Nature Geoscience €€eTalel Tn
Aekavn Tou HpoddTtou, pia Babid nepioxn Tng Meooyeiou
avapeoa otnv Kunpo, Tnv KpnAtn kai Tnv P6do. & dUo anoo-
TOAEG To 2012 kal To 2014, To 10pANAIVO €PEUVNTIKO MAOIO
RV Mediterranean Explorer novTioe éva guaiodnTo payvnro-
METPO Kal TO €0Upe Ot GUVOAIKN anootacn 7.000 XIAIOHET-
PWV, KIVOUUEVO O€ NApAAANAEG YPAUUEG.

To 1opanAivo wkeavoypa®iko okagpog RV Mediterranean
Explorer npayuatonoinos dUo anooToAEG OTNV NEPIOXN

AUTO ENETPEWPE OTOUG EPEUVNTEG va diaBACOUV TN HAYVATIKN
unoypagn Tou UMokeijevou @AoloU, n onoia €Eaptartal ano
TOV MPoaavaTtoAiond Tou ynivou payvnTikoU nediou Thv €no-
XN NOU OXNUATIOTNKE TO GUYKEKPIMEVO TURAKA QAoioU ano Tn
aTepeonoinon PAayuaTog.

AUTO nou €ide n gpeuvnTIKh opada sivalr OTI To payvnTiko
nedio TNG 'NG avTioTpAPNKE NOAAEG POPEG OGO OxXNUATICOTAV

0 @A0IOC, KATI Nou agnoe €va anotiunwua and evaAAacoo-
MEVEG HayvNTIKEC AwpPIdEG OTa NETpWUATA.

O1 idieg Awpideg, €EaANOU, onuAadelouV TOV PPECKO WKEAVIO
®A0I0 nou oxnuaTileTal akopa Kal onpepa anoé Tnv avodo
payuaTtog otn péon Tou ATAavTikoU Kal Tou EipnvikoUu Qkea-
vou.

H pétpnon Tou apiBuoU TV payvnTikwv Awpidwv, og ouv-
duaouo pe nponyoUUEVEG NapaTnpnoelg, odnyei oTnV eKTi-
pnon o1 0 ®AoI0g TNG Agkdvng Tou HpodOTOU €xel nAikia
315 €w¢ 265 EKATOUMUPIWV ETOV.

AUTO, AEVE 01 OUVTAKTEC TNG MEAETNG, APRVEl AVOIXTO TO EV-
deXOHEVO va NPOKEITAl yia TUAPA TOU WKEAviou gAoioU TnG
Tnouog, evog wkeavoU nou XwpIZe KANOTE TIG UNEPNMEIPOUG
TnG MkovTPava kai Tng Aaupaciag. H Meodyelog kai n EpuBpa
©4Aacoa BswpolvTal TUAKATA auToU TOU apxaiou wkeavou.

O wkeavog (N 6alacoa) Tng TnbUog xwpile kanoTe dUo U-
nep-nneipoug (CC BY-SA 3.0)

Av ol gpeuvnTEG €xouv Jiklio, 0 QA0IOG avaueoa oTnv Kunpo
kal Tnv Kpntn €ival o apXaldTePog yvwoTog WKEAVIOG PAOI-
0G.

©a nTav navrtwg dUokoAo va CUAAexBouv deiypaTa, Kadwg
onuepa sival Bappévog ano €va oTpwua 1INKUATWV nou QTa-
Vel o€ BAB0G To eVTUNWOIAKO VOUUEPO TwV 15 XIAIOHETPWV.

(BayyeAng MpaTikdkng / Newsroom AOA, 16 AuyouaoTou
2016, http://news.in.gr/science-
technology/article/?aid=1500095797)

Palaeozoic oceanic crust preserved beneath the east-
ern Mediterranean

Roi Granot

Subduction of oceanic crust into the mantle results in the
relatively young Mesozoic-Cenozoic age of the current oce-
anic basins?, thus, hindering our knowledge of ancient oce-
anic lithospheres. Believed to be an exception, the eastern
Mediterranean Sea (containing the Herodotus and Levant
basins) preserves the southern margin of the Neotethyan,
or older, ocean. An exceptionally thick sedimentary cov-
er and a lack of accurate magnetic anomaly data have led
to contradicting views about its crustal nature and age.
Here I analyse total and vector magnetic anomaly data from
the Herodotus Basin. I identify a long sequence of lineated
magnetic anomalies, which imply that the crust is oceanic. I
use the shape, or skewness, of these magnetic anomalies to
constrain the timing of crustal formation and find that it
formed about 340 million years ago. I suggest that this oce-
anic crust formed either along the Tethys spreading system,
implying the Neotethys Ocean came into being earlier than
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previously thought, or during the amalgamation of the Pan-
gaea Supercontinent. Finally, the transition from the rather
weak and stretched continental crust found in the Levant
Basin to the relatively strong oceanic Herodotus crust
seems to guide the present-day seismicity pattern as well
as the plate kinematic evolution of the region.

Figure 4: Tectonic map of the eastern Mediterranean.

(Nature Geoscience, 15 August 2016,
http://www.nature.com/ngeo/journal/vaop/ncurrent/full/ng
€02784.html)

3

EPA links oil and gas drilling to Texas quakes

- T

Federal regulators have tied a string of earthquakes in north
Texas to oil and gas drilling operations in the state.

An Environmental Protection Agency (EPA) report filed with
the Texas Railroad Commission this month concluded that
the frequency of earthquakes in the state correlates to the
number and location of injection or disposal wells for hy-
draulic fracturing wastewater there.

“In light of findings from several researchers, its own analy-
sis of some cases and the fact that earthquakes diminished
in some areas following shut-in or reduced injection volume
of targeted wells, EPA believes there is a significant possibil-
ity that North Texas earthquake activity is associated with
disposal wells,” said the report, via The Texas Tribune
(https://www.texastribune.org/2016/08/22/epa-north-
takes-quakes-likely-linked-oil-and-gas-a).

The EPA said it's concerned about the seismic activity
around the Dallas/Fort Worth area because of the “potential
impact on public health and the environment, including un-
derground drinking water.”

It recommended more monitoring of injection wells and
analysis of seismic activity in the state. It also “commend-
ed” state regulators on the Texas Railroad Commission for
establishing earthquake-related regulations for drilling op-
erations there, though the commission has not yet connect-
ed wastewater injection to seismic activity in the state, the
Tribune reported.

The EPA report is the latest from scientists and regulators to
find a link between wastewater injection and earthquakes.

Oklahoma was in the spotlight last year when state scien-
tists concluded that injection wells were behind an explosion
of small earthquakes there, though the state has seen
(http://thehill.com/policy/energy-environment/291114-
oklahoma-earthquakes-decline-amid-new-regulations) the
number of quakes decline since stiffening regulations on
wastewater disposal.

Federal officials in March concluded that 7 million Americans
live in areas threatened by earthquakes induced by human
activity (http://thehill.com/policy/energy-
environment/274471-feds-7-million-people-at-risk-of-man-

made-earthquakes).

(Devin Henry / THE HILL, 08.22.2016,
http://thehill.com/policy/energy-environment/292248-epa-

drilling-operations-behind-texas-quakes)

o3 O

Latest Italian quake is history repeated

The 6.2 magnitude earthquake that devastated parts of
central Italy on Wednesday is the eighth major quake to hit
the country in the past 40 years. Located near the meeting
point of the Eurasian and African plates, the region has long
been known as a seismic hotspot. Indeed, it was only in
2009 that over 300 people lost their lives in the nearby
L’Aquila earthquake. As I write, the death toll from this
quake stands at 268, and will inevitably continue to rise as
rescue workers sift through the destruction and the region
is rocked by strong aftershocks.

Aftermath of the 2009 L'Aquila earthquake

Similarities with the L'Aquila disaster are striking. Just an
hour’s drive south of Amatrice (the worst hit town, where at
least 200 people are known to have died so far), the
L’Aquila quake measured 6.3. The Richter Scale is base-10
logarithmic, making the L'Aquila quake twice as strong as
the 6.2 that hit this week. Both quakes struck at a shallow
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depth of around 10km beneath the surface, contributing to
the intensity of the vibrations. But questions must be asked
about the extent of the damage, as the lessons of history
appear to go unheeded.

It's been widely reported that experts estimate 70 per cent
of Italy’s buildings are not built to seismic standards. In a
first-world country prone to earthquakes, that figure is
simply unacceptable. Naturally, in 12 century towns there
will always be historical buildings not built to today’s stand-
ards, and where it can be difficult to retrospectively put
mitigating measures in place. What is difficult to understand
is why modern buildings are not built to modern standards.

“Hospitals, police stations, schools and barracks in Amatrice
and Accumuli completely collapsed during the earthquake -
with the exception of a gym that is now being used to house
displaced residents,” said Prof Giulio Di Toro, Geology Chair
at Manchester University’s School of Earth and Environmen-
tal Sciences, who was conducting research in central Italy
this week when the earthquake struck.

“The village of Norcia, which was rebuilt adhering to the
construction codes after the 1979 earthquake (5.8 magni-
tude, five casualties), suffered little damage and no casual-
ties despite being located in the epicentral area.”

Reports from Amatrice indicate that investigators are exam-
ining the town’s Romolo Capranica school. The building was
restored in 2012 using funds provided in the aftermath of
the L'Aquila quake, but on Wednesday it almost completely
collapsed. The town’s clock tower, built in the 13% century,
remained standing.

The town of Norcia was relatively unscathed this week, hav-
ing been rebuilt to codes after a 1979 quake

“In a country where in the past 40 years there have been
at least eight devastating earthquakes ... the only lesson we
have learned is how to save lives after the fact,” columnist
Sergio Rizzo wrote in Thursday’s Corriere della Sera, one of
Italy’s leading newspapers. “We are far, far behind in the
other lessons.”

Italy is a proud nation with a fabled history, and what can
often be an admirable streak of stubbornness. But this
week’s tragic events are a wake-up call, and the lessons
from L'Aquila have clearly not been learned. The Italian
government must now look at the systems other countries
have put in place to protect their citizens from the dangers
of earthquakes.

Damage following the 2011 Japanese quake

Japan is, of course, a leader in this regard, as indeed it
must be. Lying in one of the most seismically active regions
in the world, the country has seen its fair share of devasta-
tion from earthquakes and tsunamis. The 9.0 quake that
struck off the coast in 2011 caused huge tremors across the
country, but the vast majority of casualties were caused by
the resulting tsunami rather than the quake itself. In Japan,
building codes are strict, citizens are prepared for the inevi-
table, and countless lives are saved when catastrophe does
strike. It's time for Italy to follow suit.

(Andrew Wade / the engineer, 26th August
2016, https://www.theengineer.co.uk/latest-italian-quake-

is-history-repeated/?cmpid=tenews 2578111)
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ENAIA®EPONTA -
NMEPIBAAAON

ZKkNnvn eyKARHATOG
OUpHIa, n Aigvn Nou €yIVE KATAKOKKIVN ano Tn
BAiyn

B | July _15'.;016: %ﬁt '.

Mplv Kal META: TO XpWHa TNG Aipvng gival TeAeing diapopeTi-
KO Og €IKOVEG Mou TpaBnxTnkav Tov Anpiiio kai Tov IoUAIO
(dwToypapia: NASA)

H Aipvn Ouppia oTto Ipdv, KAnNoTe n PeyaAuTepn Aipvn Tng
Méong AvaToAng kal pia and TIG PeyaAUTEPEC Tou KOGHOU,
€XA0E TO NPACIVO XPpWHA TNG Kal poladel mia Pe anepavtn
OKNVI €YKAAMATOG.

>Ta TéAN AnpiAiou, n Aigvn @aivoTav katanpdacivn oc eikova
Tou dopuopou Aqua Tng NASA. Méxpl Ta pEoa IouAiou, Ta
vepQ €ixav anokTnaoel £va Babu KOKKIVO XpwHa oav Kpaai.

H alAayr xpwpatog oTn Aigvn KovTa oTa ouvopa HE Thv
Toupkia €xel yivel guvnBeg paivouevo Ta KaAokaipia, 6Tav n
€lopor vepoU neplopileTal kal n aAatoTnTa au&averal Aoyw
€vTovng eEATHIONG.

H au&non TnG ouykévTpwaong aAaTioU €uvoei Tov noAAanAa-
g1aoP0 KOKKIVWYV MIKpoopyaviopwyv, €Enyei n NASA oe ava-
KOivwon TNnG.

Lake Urmia

" April 20, 2016

Mia yépupa yia oxnuarta Xwpilel ota duo Tn Aipgvn OUppia
(NASA)
H Tautonoinon Twv MHIKpoBiwv auTwv 6a anaiToUos Anwn
delypdTwy, WoTO00 Ol unowieg oTpépovTal og dU0 OpAdEG
HMOVOKUTTapwV opyaviop®v. H npwTtn €ival Ta ¢uUKn Tou YE-
voug Dunanelia, Ta onoia gival npdciva unod KavovIKEG OUV-
Bnkeg, aAAalouv OPWG XPWHA O GUVONKEG UYPNANG aAaTdTn

Tag Kal EVTovou QTIOHOU.

«Ta @UKIa yivovTdl KOKKIVa AOYw TNG Napaywyng npoorare-
UTIKQV KapoTevoeldwv HEoa oTa KutTtapa» €Enyei o Moxd-
MavT Touplav, gpeuvnTng Tou MavenioTnuiou TG ZTouTydap-
dNng. =& kapoTevoeldn ogeileTal eEAANOU Kal TO XPWHA TOU
KapoToU.

H JelTepn opada eival apxaloBakThplia TNG OIKOYEVEIAG
Halobacteriaceae, Ta onoia npoTiyoUV VEPA KOPEOHEVA OF
aAdTi. O1 «npwTdyovol» auToi opyaviouoi napdayouv Tnv
KOKKIVN XPWOTIKA oucia BakTnplopodowivn, HEOW TNG onoiag
anoppo@olV TNV NAIGKN €VEPYEIA Yid va napdyouv oakxapa
MEOWw pwTOOUVOEDNG.

H Aipvn OUppia éxel aAAa&el and npdacivn og KOKKIVN Kal TO
avTioTpoQO APKETEG POPEC OTO NapeABoOv. Zuvnbwg Eavayi-
VETAI NPAcivn TNV avoi&n, otav Ta xiovia AIOVouv oTa YEITO-
vika Bouvd kai aveBadouv kal naii Tn oTaeun.

MapoAa autd, n Aigvn €ival onuepa okid Tou naiiou €auTou
TNG: KANOTE €QTACE O €kTAON Ta 5.200 TETpAYWVIKA XIAIO-
HETPa, oxedov piapion gopda n éktaon Tng EuBolac.

NOYyw TnG Enpaaiag kai TnG Xprnong Tou vepou yia apdeuon, N
MEON OTAOUN NEPTEl €WG KAl KATA €va WUETPO TO XPOVO, Kdal
nA€ov n Aipvn €xel ouppikvwBei HOAIG oTo 10% TNG apXIKnig
TNG €KTAONG.

'Onwg €ixe npocidonoinosl  oTo  Scientific  American
(http://blogs.scientificamerican.com/quest-blog/saving-
iran-s-precious-lake-urmia) o Xouogiv Akavi, BIOAOYOG Tou
MavenioTnpiou TnG Texepavng, Xwpig Tn Afwn dpacTikwv
METPWV N opIaTIKA e€agavion Tng OUpuiag nNpenel va Bswpei-
Tai BeRain.

(Bayy&Ang MpaTikdkng / Newsroom AOA, 03 Auy. 2016,
http://news.in.gr/science-
technology/article/?aid=1500093877)

O3 D

O1 nio 131aiTEPEG EKKANCIEG TOU KOGHOU

O1 ekkAnoieg og OA0 Tov KOOWO anoTeAolv €dw Kal Xpovia
TouploTikO MOA0 €AENG yia Toug Ta&IdIWTEG OXI MOVO via
BpnokeuTikoUG AOYOUG, aAAG Kal yid TNV anioTEUTN apyITEK-
TOVIKI TOUG Kdl TIG douvnBIoTeG TonoBeaieg nou £xouv Ka-
TAOKEUAOTEI.

Mnopei va TIG Bpel Kaveic KaTw anod To £€da®og f oTnV akpn
€VOG YKPEUOU, €V HEPIKOI vaoi Bpiokovtal avapesa akopa
Kal ano duo xwpec. H Daily Mail dnuocielel pepikég and Tig
nio 151aiTEPEG NOU UNApYouV OToV KOGHO ONHEPQ...

1. St Samaan El Kharaz, MokaTtau, AiyunTtog
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H ouykekpiyévn ekkAnoia oe onnAaio €ival Kpuppévn oTo
iowg AlyoTepo TouploTikO PEPOC TNG AlYUNTOU, OE MId MNEPIO-
X O0nou ol olkoyéveleg {ouv ano Tn GUAAoyr okounidiwv.

Ynapxel Hia npdoown anod nETpa nou XPnoldeUel wg €i00d0G
Tou vaou, aAAd To unoAoino PEPOG Tou KTIpiou €ival ouciao-
TIKG MIa ogipd anod onnAiEC. H peyaAlTepn and auTeg €xel TN
Hop®n €vog appiBEéaTpou, Xwpic NdOPTEC, 6Mou Wnopolv va
kaBioouv pExpI kal 10.000 aroua.

2. St Michel d’Aiguilhe, FaAAia

SKApPAAWPEVO aTNV KOPUPN €vOC wnAoU NgaioTeiakou NeT-
pwuaTog, To napekkAnol St Michel d’Aiguilhe, xpovoAoyeital
ano6 Tov 100 aiwva. Eival npooBdaciyn povo anod Ta neTpiva
okaAondarTia nou TuAiyovTal yUpw anod To Bpdaxo.

3. Temppeliaukio Church, EAcivki, ®ivAavdia

Eival yvwoTr ouxva kal wg n Bpaxwdng ekkAnoia Tou EAciv-
KI KaBw¢ npokeITal yia éva Aa&supeEvo onnAaio.

To €0wTeEPIKO anoTeAEiTal and Wia Tpaxia enipaveia Bpaxou
€X0VTag €niong Wia Bgauatikn opo®n and xaAko. H akouoTi-
KA TOU vaoU €ival TOOO KAAN OTO €0WTEPIKO, WOTE WEPIKEC
(POPEG XPNOILOMOIEITAI YIA OUVAUAIEG.

4. Chapel of the Holy Cross, Apildéva, HMA

AUTOG 0 KaBedPIKOC vadG BPIiOKETAI HEGA OTOV KOKKIVO Bpaxo
NG ZevTova o€ €va noAU wnAd onpeio, pe Ba Tnv nediada.
To oxnua Tou vaou €ival NnoAU anAod kai 131aiTepo, evw Xa-
PakTNPIOTIKOG €ival 0 oTaupog nou diakpiveTal.

5. EkkAnoia Tou Ayiou l'ewpyiou, AiBlonia

i

MpdkeiTal yia pia anod Tig 11 31apOpPETIKEG EKKANTIEG OKAAIC-
Méveg ge Bpaxoug, otnv kapdid Tng AiBioniag kai icwg n
wpaidtepn and To oUvoAo. 'Evag TEpACTIOE OTAUPOG KOMNKE
ano €va KOMMATI ToUu BPpAXou Kal 0T CUVEXEId TO ECWTEPIKO
dnuioupynBbnke okapovTag To Bpaxo.

6. Mavayia MNapanopTiavr, MUkoOvVOG

Ztn Aiota Tng, n Daily Mail nepiAapBdvel kai pia ekkAnoia
otnv EAAGda, tnv Mavayia MapanopTiavn. TNV ava@eépel wg
TNV Nio NOAUPWTOYPAPNHEVN GTO VNOi.

3TNV NpaypartikoTnTa, npokeiTal oI yia pia anAn €kkAnoia,
aAAd yia €va diwpoPo CUYKPOTNHA, Mou nepiAaupavel Téo-
oepIg 100YEIOUG VaIOKOUG Kal TNV avaYeld, UNEPUYWHEVN
Mavayia NapanopTiavn.
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ENAIAG®EPONTA -
AOINA

Augmented Reality Could Speed Up Construc-
tion Projects
Builders are experimenting with Microsoft’s HoloLens
to visualize projects and avoid expensive mistakes.

Employees at Gilbane Building Company, a commercial con-
struction firm based in Rhode Island, usually work off paper
blueprints or with digital models that they view on comput-
ers or iPads. But Gilbane senior manager John Myers now
gets a closer look by putting Microsoft’'s augmented-reality
computer, HoloLens, on his head.

When Myers recently put on HoloLens to look at a mockup
of a project, he could see that steel frames the company
planned to order to support the building’s walls were too
long to fit the design. Having spotted the issue ahead of
time, the company can now ask the supplier to cut the
frames shorter in his shop rather than make workers adjust
dozens of tracks that would hold the frames in place. Myers
estimates that the move will save Gilbane about $5,000 in
labor costs.

Construction is one of the least automated industries
around, and it will be for a long time. But augmented reality
might begin to change that. Tools like HoloLens, which
places holographic images in its user’s physical environ-
ment, could help this $10 trillion business increase efficien-
cy so that fewer projects run over budget and behind
schedule. Gilbane is one of many early testers of the tech-
nology. The engineering firm AECOM, the design and archi-
tecture firm Gensler, and the China State Construction En-
gineering Corporation have also announced they are exper-
imenting with HoloLens.

W W
i 5

Gilbane’s John Myers uses HoloLens to review a virtual 3-D
model of Boston’s Dearborn STEM Academy.

Gilbane says the $3,000 HoloLens, which it received in mid-
June, has already shown its value. It was while viewing life-
size 3-D models of Dearborn STEM Academy, a $70 million,
120,000-square-foot school Gilbane is constructing in Bos-
ton, that Myers spotted the frame-length issue. “That one
catch paid for the HoloLens,” he says.

Gilbane vice president Sue Klawans says HoloLens could
also be used before a building is constructed to detect flaws
in the way ducts and pipes are laid out in office ceilings—a
complicated process that often takes up more room than
anticipated—and in building designs that feature glass “cur-
tain” walls, which sometimes require more than 10 different
contractors to fabricate.

I tried Gilbane’s HoloLens at the Dearborn STEM Academy
site. After strapping on and adjusting the headset (which
required another person’s assistance), I pinched my fingers
in the air to move a 3-D image of the school’s mechanical
room from its virtual perch on a table to the floor. Then I
tapped a button on a virtual control panel to increase the
model’s size to 100 percent. That let me walk inside it and
look at details of the construction as if it were actually built.
Using a virtual control panel, I could also toggle different
views on and off to see either a simple architectural image
of the room, a more detailed structural image, or one that
just showed its mechanical, electrical, and plumbing sys-
tems.

All the features I tried were easy to navigate and seemed
useful. But the HoloLens image stuttered at times, and the
life-size model didn't quite look like a real room, partly be-
cause the headset’s lenses don't cover your peripheral view.

Amar Hanspal, a senior vice president at the software com-
pany Autodesk, which supplies the building visualization
data necessary for the system to work, says that eventual-
ly, builders could wear HoloLens at construction sites “and
see in real time, ‘Here’s what the building should be and
here’s what it actually looks like.””

First, though, builders have to figure out how to wear
HoloLens along with their safety gear and keep it from be-
ing a dangerous distraction. HoloLens wraps around the
middle part of your head, like a bulky pair of goggles, which
makes it difficult to wear a hard hat at the same time. An-
other problem: its lenses aren’t as rugged as construction
safety glasses, which are typically heat-resistant and shat-
ter-proof. There’s also a possibility that the holographic
images could divert your attention and cause you to take a
wrong step—a potentially fatal move on a multistory con-
struction site. For now, Gilbane employees are mostly using
HoloLens inside a mobile office trailer parked on the side of
the school construction site.

Reviewing construction models via HoloLens would be more
useful if people could make notes directly on the 3-D imag-
es they were viewing. Trimble, a technology company that
sells the popular 3-D modeling software SketchUp, lets peo-
ple do that in its HoloLens app. Users can mark problem
areas on SketchUp building models with circular virtual
icons and record short audio clips explaining why they high-
lighted particular spots. Eventually, they might be able to
use their hands to move an element within a virtual mockup
and immediately see how the change affected the design,
says Aviad Almagor, who leads Trimble’s HoloLens business.

“We're going to want to see HoloLens improve [as a con-
struction aid],” says Klawans, the Gilbane executive. “But
it's a leap over what we were doing before. It's not just a
new toy.”

(Elizabeth Woyke, Business Editor / MIT Technology Review,
August 10, 2016,
https://www.technologyreview.com/s/602124/augmented-
reality-could-speed-up-construction-projects)

o3 O

AvUYmon avTIKEINEVWV HE TN «30vaun>» Tou
fxou

Mia TeEXVIKN Mou UNOOXETAl NWG OTo PEAAOV Ba pnopei va
diaTnpei oTov aépa avTikeiyeva Ta onoia dev Ba €pxovTal Ot
€naen Pe onolodnnoTe AAAO OWHA, avENTUEQV EMICTAHUOVEG
and To navenioTnuio Tou Zdo MNdaoko Tng BpaliAiag.
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H Texvikn auTtn BacileTal O£ AKTIVEC UMEPAXWV, XApn OTIC
OnoiEG €va avTIKEIJEVO PMOPEI va aiwpeiTal gav va «ayned»
TN BaplTnTa. S npoopatn dOKIUMA, Ol ENICTAHOVEG KATAPE-
pav Pe auTto Tov TpOMo va avuy®oouv pia pniAia diapETpou
5 ekatootwv and noAucoTupevio (Appl. Phys. Lett. 109,
044101 (2016); http://dx.doi.org/10.1063/1.4959862).

Mpiv anod Toug BpalI\iGvoug €NICTAKOVEG, Kal AAAEC Epeuvn-
TIKEC OMADEG €XOUV aOXOANBsi Pe TNV aKOUGTIKA aiwpnon,
onw¢ ovoualeTal To QAIVOUEVO, «EMIOTPATEUOVTAG» KI AQUTEG
NXNTIKG KUPATA YIa va avuymaoouV PIKPA avTIKEIHEVa, Onwg
oTayoveg vepou.

MNa napdadesiypa, Tov nepacpévo OKTWRPIO EMICTHMOVES Tou
navenioTnuiou Tou Xacef otnv AyyAia avakoivwoav nwg
OnuIoUpYyNoav €AKTIKEG OKTIVEG UMEPAXWV, HE TIG OMOIEG
JnopoUVv va avuym®aoouyV Kal va PETAKIVAGOoUV avTIKEIYeva.

QoT600, N WMiAIG MOU XPNOIYOMNOINOAV Ol EPEUVNTEG and To
Zdo MNaoAo €ival and Ta PeyaAUTepa owMPATA MOU €XOUV a-
VUWWOEI ue auTd TOV TPOMO, EVW PAAIOTA N TEXVIKI AKOUOTI-
Kl aimwpnong nou €xouv avanTtU&el pnopei va BeATiwdei yia
va KpaTtd oTov a€pa akoun PeyaAlTepa oWUATa Kal O YEYA-
AUTEPO UWoC.

Méxpl ONUEPA, Ol NEPICOOTEPEG HEBODOI AKOUCTIKNG dlwpn-
on¢ Baoifovrav og dUo nXNTika kUpata nou diadidovrav oc
avTifeTeG KaTeuBUVOEIG, ONUIOUPYWVTAG £TCl €vad OTACIMO
kUpha. Z€ auThn TNV NEPIiNTwon, av €va avTikeiyevo Bpebsi os
€va onueio Tou oTAcigou KUPATOG e oTaBepn nieon («deo-
MOC»), TOTE TO AUEOWC XAUNAOTEPO ONUEIO PEYIOTNG auEope-
iwong Tng nieong («koiAia») npokaAei pia avodikn duvaun -
AEITOUPYWVTAG NEPINOU 0av Mid «adpatn» PAkETa ToU MIVK-
novk, Navw oTnv onoia avanndd GuveEXWG TO AVTIKEIMEVO.

QoT000, oI NEBODOI AQUTEG (PaiveETAl MWE £XOUV £va WEYIOTO
0plo OTO MHEYEBOG TWV AVTIKEIMEVWV MOU PNopouv va avu-
Wywaoouv, To onoio ayyilel Ta 4 XIAlootd oe didueTpo. Mia
TIMA nou NdN unepdekaniaciacav ol ENICTAPOVEG Anod To Ao
MAaoAo Pe TNV TEXVIKA TOUG.

O AOyog sival MwG N OCUYKEKPIYEVN TeXVIKN BacileTar otn
OUMBOAN TPIWV auTn Tn @opd, kal oxi dUo, NXNTIKWV KUWA-
Twv. MaAioTa, napdAo nou n pala Tng oPaipag ATav nepinou
1,5 ypappdpia kai To Uwog aiwpnong 7 XIAIooTd, ol Epguvn-
TEG unooTnpilouv NwG oTo PHEAAOV Ba pnopouv va BEATIOOO-
UV TIG EMOOOEIG TNG TEXVIKNG TOUG.

EninA€ov, av kai npog To napdv n opaipa unopei anAwg va
alwpeiTal os éva otabepd onpeio, n opdda oxedialel va a-
vanTUEel VEEG OUOKEUEG, XApn OTIG onoieg Ba pnopei va (Je-
TAKIVAOEI) avTiIKEigeva aTov aépa, aAAalovTacg Toug B€on.

(KwaTtag AeAnyiavvng / naftemporiki.gr, Tpitn, 16 AuyoUo-
Tou 2016,

http://www.naftemporiki.gr/story/1137563/anupsosi-
antikeimenon-me-ti-dunami-tou-ixou)

O3 D

A Fifth Force of Nature - We'll Try to Explain

There may be a new 'force of nature' to add to our list of
forces that control the universe, energy and matter.

If you remember any of the physics you learned in school,
it's possible you may remember that there are four funda-
mental forces of nature.

They are in no particular order gravity, electromagnetism,
the weak nuclear force and the strong nuclear force.

Fifth? Am I supposed to know the other four?

Gravity is fairly easy to understand: any two things that
have mass (atoms, people, planets, stars) are drawn to-
wards each other. The bigger the mass the stronger the
pull. Easy peasy.

Electromagnetism? Well that's simple, it's electricity and
magnetism mashed up. Yes, but that doesn't really explain
how it works. The Electromagnetic force explains how things
that are electrically charged (positively or negatively) inter-
act with each other. One of the big takeaways, a magnetic
charge can create an electric charge, and vice versa. Those
interactions are responsible for electric power generation
which is kind of a big deal. Electromagnetism and how it
pushes and pulls objects is responsible for the energy in
things like batteries and magnets, but it also includes light,
which is just waves of electromagnetic radiation.

The other two are the weak and the strong nuclear forces
and while they're both stronger than gravity they only act in
the tiny spaces between atoms, and the even smaller spac-
es where quantum physics starts making everything really
weird.

The strong nuclear force in fact is the strongest of the four
known forces and basically the glue that binds everything
together. It is responsible for keeping protons and neutrons
(which along with electrons make up atoms) stable and
then allows those to bind into atomic nuclei. The weak force
on the other hand is responsible for radioactive decay, the
opposite of the strong force, it is what controls how things
on a nuclear level fall apart. Oh and by the way it's respon-
sible for fission, and keeps our sun bright and warm.

That's what the four forces are, without getting too into the
weeds on how these things work.

So what about a fifth force?

But, we do need to get into the weeds a bit, because we
need to know what makes gravity or any of the other forces
actually do their thing.

Does one body with mass, just magically start moving to-
wards another massive thing? Nope, it's made possible by
things called force carrier particles. Force carriers are the
particles that carry information between things and tell
them how to behave. Think of force carriers as little pocket
constitutions for each of the four fundamental forces. They
lay out not only all the rules for how to behave but also
force the forces (ha) to act by those rules.

The force carriers for gravity are hypothetical things
called gravitons, for electromagnetism they're the photons.
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For the weak nuclear force the carriers are called W and Z
particles, and for the strong nuclear force, gluons. These
force carries are all classified as examples of bosons.

But last year, a group of physicists at the Hungarian Acad-
emy of Sciences saw what the University of California at
Irvine (UCI) physics department called "puzzling anomalies
in their experimental data." The Hungarians weren't sure
what the anomalies were but they pointed to the existence
of a new kind of light particle. That's about as far as they
got. They were unable to figure out if this new particle had
mass, or if it was a new kind of boson with no mass, like a
photon.

Unfortunately, to paraphrase Abraham Lincoln, the world
"little noted nor long remembered" the Hungarian scientists'
work.

Except for a team of physicists led by Jonathan Feng, UCI
professor of physics and astronomy. Along with his team,
Feng took a look at the Hungarians' work, pulled together a
host of other similar experiments and decided that the Hun-
garians may in fact have found a new kind of force carrier
boson.

"Sometimes," Feng says, "we also just call it the X boson,
where X means unknown." If they're right, a new force car-
rier particle means there must be a new force, a fifth fun-
damental force.

The teams' work was just published in the journal Physical
Review Letters. “If true, it's revolutionary,” Feng said. “For
decades, we've known of four fundamental forces...this dis-
covery of a possible fifth force would completely change our
understanding of the universe, with consequences for the
unification of forces and dark matter.”

And no, we're not even going to get into dark matter at this
point.

So where has this force been hiding? Feng says that it's
simply been overlooked in the past. "Its interactions are
very feeble," says Feng.

But he adds, "There are many experimental groups working
in small labs around the world that can follow up the initial
claims, now that they know where to look.”

So what does it do, and what does it mean?

This new force is very similar to the electromagnetism, but,
according to Tim Tait who co-authored the "while the nor-
mal electric force acts on electrons and protons, this new-
found boson interacts only with electrons and neutrons -
and at an extremely limited range."

But more research is needed to determine exactly what
THAT means when it comes to how the physical world
works.

So, If this new force is confirmed, what would it do for our
understanding of the world? Not even Feng knows yet. But
there's no shortage of speculation. It could play a role in
helping scientists find the Holy Grail of Physics, the Grand
Unified Theory. This fifth force might help unify the effects
of the electromagnetic, weak and strong nuclear forces,
“manifestations," Feng says, "of one grander, more funda-
mental force.”

It's long been the dream of physicists to figure out if or how
electromagnetism, and the strong and weak nuclear forces
work together, and this new force could be a big piece of
that that puzzle.

If we can prove the existence of this fifth force it might
bring us one stop closer to making real sense of how our
universe works.

Got it?

(Kevin Enochs / EIN News, August 20, 2016,
http://world.einnews.com/article/340988066/0AnxcttBTSGI
5nUE)

(C2 4R -0

To Mouoeio Tou AUpiIo HOAIG avoi&e oTo Pio vTe
Tavéipo

Aegv unapxel nepiodiKO APXITEKTOVIKNG Mou Jev aoXOAeiTal
QUTEC TIG MEPEG HE TO VEO £pyo Tou ZavTiayko KaAatpaBa
oTo Pio vTe TZavéipo.

To Mouoeio Tou AuUplo, kataAapBavelr 5.000 T.4. kal nepi-
BaAAeral anod pia dnuoaia nAateia 7.600 T.u. oto Guanabara
Bay. To €pyo anoTeAei pépog evog peydAou oxediou avaBae-
MIong Tng neploxng Maravilha kovta otnv 6aiacoa.

O KaAaTtpdaBa dnAwaoe OTI «n noAn Tou Pio vte T{aveipo divel
TO nNapddeiya oTov KOOUO yid TO NWC va avakTAoel TNV roi-
0TNTA TWV AOTIKWOV XWPWV LE OPAOTIKEG NapeuBACEIG Kal TN
dnuIoupyia MoAITIOTIKWYV EyKATAOTAOEWY ONw¢ TO Mouoeio
ToU AUpio”.

H npooBrkn Tng peyaAng nAaTeiag €Ew anod To Pouceio €yive
yla va undapyel ouvoxn TOU HOUCEIOU ME TOV AOTIKO XWPO
npdypa nou 6a avravakAd BeTikd otnv yeirovid. To KTiplo
gival npoocavaTtoAIoPEVO KABETA Npog Tov KOAMO eV n OTEYN
gival KAAUPPEVN HE NAIGKOUG OUAAEKTEG MOU KIvOUVTal HE TN
080N Tou nAlou.

Ta ayannuéva Asukd oTeyaoTpa Tou KaAaTtpdfa npwtayw-
vIoToUV Kal €dw, EVW TO VEPO ano Tov KOAMO TpopodoTei Ta
pnxavnuaTta KAIgaTiopoU Tou KTIpiou Kal TpoQodoTei TIG duo
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MeyaAeg Aipveg nou undpxouv yUpw and auTd Kal oTn ouve- (0.€. =xedov oe kGBe noOAn, onou dieEayovtal OAupNIAKoi
XEIQ AVAKUKAQVETAI. AYWVEG, Kal €va veo €pyo Tou KalaTtpdpa...)

. g

STO €0WTEPIKO, TO Houcesio mepIAapfavel npoowpivolc Kal
HOVIHOUG EKBECIAKOUG XWPOUG, €va appiBeaTpo 400 BEoewy,
€va eknaldeuTIKO KEVTPO, KAPETEPIA Kal KATAOTNUA WE €idn
SWPwWV.

To enioTnPoOVIKO auTo Mouceio Ba digpeuvd BEuaTa 6nNwg n
KAIMATIKR aAAayn kal n av&non Tou nAnBuopoU, ol aAAayEg
oTtn BIONOIKIAOTNTA, N YEVETIKN HNXAvikr kai n PBionBikn, ol
véeg e€eAifeig oTnv TexVoAoyia.

To £pyo xpnuaTodoTrnOnkKe anod Tnv noAn Tou Pio vte Tlavél-
po, 10 Idpupa Roberto Marinho, Banco Santander, kai Tnv
KuBEpvnon Tng Bpalihiag. To Pio eroiyaleral va @IAoEevnael
Toug OAupniakoUg Tou 2016 nou Ba npayuaTonoinBouv péoa
oe 15 aBAnTIKEG eyKATAOTACEIG O Wia AidvoBdaAacaoa.

(http://www.thetoc.gr/politismos/article/to-mouseio-tou-
aurio-molis-anoikse-sto-rio)
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NEEZ EKAOZEIZ 2TI2
FEQTEXNIKEZ
EMNIZTHMEZ

Design Guideline
Basal Reinforced Plled Embankments

Design Guideline Basal Rein-
forced Piled Embankments

Suzanne J.M. van Eekelen,
Marijn H.A. Brugman

A basal reinforced piled embank-
ment consists of a reinforced embankment on a pile founda-
tion. The reinforcement consists of one or more horizontal
layers of geosynthetic reinforcement installed at the base of
the embankment.

A basal reinforced piled embankment can be used for the
construction of a road or a railway when a traditional con-
struction method would require too much construction time,
affect vulnerable objects nearby or give too much residual
settlement, making frequent maintenance necessary.

This publication is a guideline (CUR226) for the design of
basal reinforced piled embankments. The guideline covers
the following subjects: a survey of the requirements and
the basic principles for the structure as a whole; some in-
structions for the pile foundation and the pile caps; design
rules for the embankment with the basal geosynthetic rein-
forcement; extensive calculation examples; finite element
calculations; construction details and management and
maintenance of the piled embankment. The guideline in-
cludes many practical tips. The design guideline is based on
state-of-the-art Dutch re-search, which was conducted in
cooperation with many researchers from different countries.

(July 4, 2016 by CRC Press)

Geotextiles, 1st Edition
From Design to Applications

Geotextiles

Fram Design to Applications R. Koerner

As a comprehensive review of the
manufacture, functions, properties,
designs, and applications of geotex-
tiles, this book presents valuable
information on the high perfor-
mance fabrics used in soil separation, drainage, filtration,
reinforcement, and cushioning, also covering their use as
solutions for geoengineering and other civil engineering
specialties due to their advanced physical, mechanical, hy-
draulic, and endurance properties.

Geotextiles: From Design to Applications presents valuable
information on the high performance fabrics used in soil
separation, drainage, filtration, reinforcement, and cushion-

ing. These polymeric materials offer solutions for geo-
engineering and other civil engineering specialties due to
their advanced physical, mechanical, hydraulic, and endur-
ance properties.

This important book offers comprehensive coverage of the
manufacture, functions, properties, designs, and applica-
tions of geotextiles. Part One begins with a chapter on the
history of geotextiles, followed by chapters giving detailed
reviews of the types of fabrics and their manufacturing pro-
cesses, from resin type, to fiber extrusion, to textile fabrica-
tion. Part Two covers the properties, behavior, and testing
of geotextiles, with Part Three focusing on applications deal-
ing with the specific primary functions of geotextiles. In Part
Four, chapters offer numerous general applications of geo-
textiles, including those in waste containment, marine engi-
neering, walls/slopes, agriculture, and erosion control. Fi-
nally, the chapters of Part Five address quality control and
assurance for geotextiles, and the increasingly important
topic of sustainability.

(03 Mar 2016, Woodhead Publishing)
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HAEKTPONIKA
NMEPIOAIKA

http:/ /files.constantcontact.com/15018a1b201/8ed9
a591-b6cd-46c7-b218-c00b2ae4eeb0.pdf

KukAo@opnoe To Teuxog 2 Tou Topou 32, Twv IGS NEWS pe
Ta NAPAKATW NEPIEXOMEVA:

General Information for IGS Members

e Summary of 2015 IGS Chapter Activities
Conference Reports

e A Capsule Summary of GeoAmericas 2016
Announcements of Regional Conferences of IGS

e EuroGeo6 6th European Regional Conference on
Geosynthetics

e GeoAsiab 6th Asian Regional Conference on
Geosynthetics

Announcements of Conferences under the Auspices of
IGS

e 3rd International Conference on Transportation
Geotechnics (3rd ICTG 2016)

e Geotechnical Frontiers 2017

e EurAsian Geotextiles Symposium (EAGS)

News from the IGS Chapters and the Membership

e Iranian Chapter of IGS Report of the 1st Board for the
2013 - 2016

e Prof. Dennes T. Bergado honored as Professor Emeritus
at the Asian Institute of Technology

e Hellenic Geosynthetics Society (HGS)

Viennese Tradition — Austrian Chapter of IGS is estab-

lished

Honduran IGS Chapter

11th Slovak Seminar on Geosynthetics

“The Third Youth of Flood Defence”

International Course on Basal Reinforced Piled Embank-

ments

Design Guideline Basal Reinforced Piled Embankments

New handbook by Bob Koerner: “Geotextiles: From De-

sign to Applications”

Conference in Honour of Michele Maugeri

12th International Symposium on Landslides (ISL)

Meeting of ISO/TC 221 'Geosynthetics'

News from the Portuguese IGS Chapter

IGS Objectives embraced at ICOLD 2016

MAXConference held the 1st International Conference

“Geosynthetics in Road Construction”

Geosynthetic Institute Announces 2016 - 2017

o Fellowships

List of IGS Chapters
Official Journals of the IGS

e Geosynthetics International
e Geotextiles & Geomembranes
e Geotextiles and Geomembranes: Best papers in 2015

Corporate Membership

e Long term IGS Corporate Membership: 20 years of for
PRESTO GEOSYSTEMS and 30 years for GEOSYNTHETIC
MATERIALS ASSOCIATION

e Case studies - use the chance!

e Rock Fall Protection System (SCCP) on the Slopes of
critical Highways, Costa Verde, Lima-Peru

e Beneficial Reuse: From Landfill to a Country Park

Potash Mining - High Temperature Liners Withstand the

Elevated Temperatures of Mine Processing Operations

Economical Solution to Kusile Ash Dump

Emergency Slope Stabilisation, Saviése, Switzerland

Geobag® Coffer Dam Structure for the Panama Canal

45 m high reinforced soil slope in award winning

Shillong Bypass Project, Meghalaya

e Cityringen, Denmark, Ourkiss Dam, Algeria, Aughinish
Alumina, Ireland

e Corporate Members of the IGS

IGS News Publisher, Editor and Chapter Correspond-
ents

IGS Council
IGS Officers
IGS Membership Application

Calendar of Events

GEOSYNTHETICS

—_
S s et L

thomis te! ‘TA

e 1 e 1

Content of Volume: 23, Issue: 2 (April 2016)

Laboratory study on the use of EPS-block geofoam for em-
bankment widening, A. T. Ozer

Water vapour adsorption and desorption in GCLs, M. A.
Rouf, A. Bouazza, R. M. Singh, W. P. Gates, R. K. Rowe

Effects of geogrid encasement on lateral and vertical defor-
mations of stone columns in model tests, M. Gu, M. Zhao, L.
Zhang, J. Han

Shear-induced changes in smooth geomembrane surface
topography at different ambient temperatures, J. D. Frost,
T. Karademir

Cyclic and post-cyclic behaviour from sand-geogrid inter-
face large-scale direct shear tests, F.-Y. Liu, P. Wang, X.
Geng, J. Wang, X. Lin

Scaled model tests on influence factors of full geosynthetic-
reinforced pile-supported embankments, C. Xu, S. Song, J.
Han

Content of Volume: 23, Issue: 3 (June 2016)

Service-state behavior of reinforced soil walls supporting
spread footings: a parametric study using finite-element
analysis

S. Ambauen, B. Leshchinsky, Y. Xie, D. Rayamajhi
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Effect of fibre type on the compressive and tensile strength
of a soft soil chemically stabilised

P. J. Venda Oliveira, A. A. S. Correia, J. M. N. P. C. Teles, D.
G. Custddio

Mechanical response of flexible pavements enhanced with
geogrid-reinforced asphalt overlays

N. S. Correia, J. G. Zornberg

Geogrid pullout behaviour according to the experimental
evaluation of the active length

G. Cardile, N. Moraci, L. S. Calvarano

Effects of coir fibres modified with Ca(OH)2 and Mg(OH)2
nanoparticles on mechanical properties of lime-treated ma-
rine clay

V. Anggraini, A. Asadi, N. Farzadnia, H. Jahangirian, B. B. K.
Huat

Modelling deformation during the construction of wrapped
geogrid-reinforced structures

I. Scotland, N. Dixon, M. Frost, G. Fowmes, G. Horgan
Content of Volume: 23, Issue: 4 (August 2016)

Model tests and parametric studies of two-layer
geomembrane tubes, W. Guo, J. Chu

Settlement of footings at the crest of reinforced slopes sub-
jected to toe unloading, C. C. Huang

Effect of geomembrane colour and cover soil on solar-driven
down-slope bentonite erosion from a GCL, A. K. Rentz, W.
A. Take, R. W. I. Brachman, R. K. Rowe

Geogrid pullout load-strain behaviour and modelling using a
transparent granular soil, R. J. Bathurst, F. M. Ezzein

Numerical investigation of earth pressure reduction on bur-
ied pipes using EPS geofoam compressible inclusions, A. F.
Witthoeft, H. Kim

Reliability analysis of geosynthetic-reinforced steep slopes,
F. B. Ferreira, A. Topa Gomes, C. S. Vieira, M. L. Lopes

Please find the download of the articles at:
http://www.icevirtuallibrary.com/content/issue/gein/23/2
http://www.icevirtuallibrary.com/content/issue/gein/23/3
http://www.icevirtuallibrary.com/content/issue/gein/23/4
For the IGS members to have FREE access to the papers
they MUST log in through the IGS website.

A

Ceotextiles
and
Ceomembranes

Geotextiles and Geomembranes: Best papers in 2015

Following the Editorial Board meeting held in Yokohama in
September 2006 it was decided that it would be desirable to
recognise some of the best papers published in Geotextiles
and Geomembranes. We started with Volume 23 and have
selected the Best paper in each subsequent year. This year
the Editorial Board were charged with selecting what they
considered to be the “Best Paper” published in Geotextiles

and Geomembranes in 2015. Papers were considered for
their contribution to the discipline in terms of providing sig-
nificant new insights and/or of being of high potential im-
pact on the discipline. All Technical Articles, except those
co-authored by the Editor, were eligible. The selection of
wining papers was decided based on a vote of the Editorial
Board members (excluding the Editor).

Following a rigorous review of the papers I am pleased an-
nounce that the winner for the Best Paper for 2015 was:

Lessons learned from geotextile filter failures under chal-
lenging field conditions by R.M. Koerner and G.R. Koerner,
Geotextiles and Geomembranes, 43(3):272-281.

Two papers were selected for Honourable Mention

Validation of analytical models for the design of basal rein-
forced piled embankments by S.J.M. van Eekelen, A.
Bezuijen, & A.F. van Tol, Geotextiles and Geomembranes,
43(1):56-81

and

MSE walls as bridge abutments: Optimal reinforcement den-
sity by Y. Xie & B. Leshchinsky, Geotextiles and Geomem-
branes, 43(2):128-138.

as runners-up and hence being judged to be amongst the
three best papers published in Geotextiles and Geomem-
branes in 2015. Congratulations to all of the authors for
their very significant contribution to the geosynthetics disci-
pline.

Content of Volume 44, issue 3 (June 2016)

Performance of a geogrid reinforced soil wall on PVD
drained multilayer soft soils, Jian-Feng Chen, Ali Tolooiyan,
Jian-Feng Xue, Zhen-Ming Shi

Experimental and DEM investigation of geogrid-soil interac-
tion under pullout loads, Zhijie Wang, Felix Jacobs, Martin
Ziegler

Analysis of geomembrane whale due to liquid flow through
composite liner, Wei Guo, Jian Chu, Bo Zhou, Ligiang Sun

Effect of particle size of sand and surface asperities of rein-
forcement on their interface shear behaviour, Prashanth
Vangla, Madhavi Latha Gali

Laboratory analysis of encased stone columns, Marina Mi-
randa, Aimudena Da Costa

Assessment of friction properties at geotextile encapsulat-
ed-sand systems' interfaces used for coastal protection,
Andreia Moreira, Castorina Silva Vieira, Luciana das Neves,
Maria Lurdes Lopes

Evaluation of the combined effect of toe resistance and fac-
ing inclination on the behavior of GRS walls, S.H.
Mirmoradi, M. Ehrlich, C. Dieguez

A three-dimensional finite element approach for modeling
biaxial geogrid with application to geogrid-reinforced soils,
M.G. Hussein, M.A. Meguid

Material point modelling of releasing geocontainers from a
barge, Fursan Hamad, Dieter Stolle, Christian Moormann

Electrokinetic strengthening of slopes - Case history, J. La-
mont-Black, C.J.F.P. Jones, D. Alder

Modified unit cell approach for modelling geosynthetic-
reinforced column-supported embankments, Yan Yu, Rich-
ard J. Bathurst, Ivan P. Damians

Reinforcement and mud-pumping benefits of geosynthetics
in railway tracks: Numerical analysis, Sowmiya Chawla, J.T.
Shahu

Geosynthetic-reinforced soil structures with concave facing
profile, Farshid Vahedifard, Shahriar Shahrokhabadi, Dov
Leshchinsky
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Reinforcement and mud-pumping benefits of geosynthetics
in railway tracks: Model tests, Sowmiya Chawla, J.T. Shahu

Load transfer mechanisms in geotextile-reinforced em-
bankments overlying voids: Numerical approach and design,
Pascal Villard, Audrey Huckert, Laurent Briangon

Direct shear tests on geosynthetic-encased granular col-
umns, Sunil Ranjan Mohapatra, K. Rajagopal, Jitendra
Sharma

Imperial smelting furnace (zinc) slag as a structural fill in
reinforced soil structures, P.S. Prasad, G.V. Ramana

Mechanistic-empirical approach to characterizing permanent
deformation of reinforced soft soil subgrade, Xiaochao Tang,
Shelley M. Stoffels, Angelica M. Palomino

Load transfer mechanisms in geotextile-reinforced em-
bankments overlying voids: Experimental and analytical ap-
proaches, Audrey Huckert, Laurent Briangon, Pascal Villard,
Patrick Garcin

Performance of the new reinforcement system in the in-
crease of shear strength of typical geogrid interface with
soil, M. Mosallanezhad, M.C. Alfaro, N. Hataf, S.H. Sadat
Taghavi

Discussion of Palmeira, E. and Tatto, J. (2015). “Behaviour
of geotextile filters in armoured slopes subjected to the ac-
tion of waves.” Geotextiles and Geomembranes,
10.1016/j.geotexmem.2014.11.003, 46-55, Xuguang Chen

Reply from authors Palmeira, E. and Tatto, J. (2015). “Be-
haviour of geotextile filters in armoured slopes subjected to
the action of waves.” Geotextiles and Geomembranes,
10.1016/j.geotexmem.2014.11.003, 46-55: To Discussion
of Chen (G&G2875)

Behavior of cement-stabilized fiber-reinforced pond ash, rice
husk ash-soil mixtures, Arvind Kumar, Deepak Gupta

Pullout resistance of bearing reinforcement embedded in
marginal lateritic soil at molding water contents, Kampa-
nart Sukmak, Patimapon Sukmak, Suksun Horpibulsuk,
Avirut Chinkulkijniwat, Arul Arulrajah, Shui-Long Shen

Geotextiles and Geomembranes: Best papers in 2014, R.
Kerry Rowe

Discussion of “Stress-strain behavior of a silty soil rein-
forced with polyethylene terephthalate (PET)” by E. Botero,
A. Ossa, G. Sherwell and E. Ovando-Shelley, Geotextiles
and Geomembranes 43 (2015) 363-369, Lei Gao, Guo-hui
Hu

Reply to the discussion by Gao, L. and Hu, G., on “Stress-
strain behavior of a silty soil reinforced with polyethylene
terephthalate (PET)” [Geotextiles and Geomembranes 43
(4), 2015, pp. 363-369], E. Botero, A. Ossa

Content of Volume 44, issue 4 (August 2016)

Modelling of geocell-reinforced subballast subjected to cyclic
loading, M. Mahdi Biabani, Buddhima Indraratna, Ngoc
Trung Ngo

Limit analysis of reinforced embankments on soft soil, Colin
C. Smith, Alireza Tatari

Performance of geotextile filters after 18 years' service in
drainage trenches, Guillaume Veylon, Guillaume Stoltz, Pa-
trice Mériaux, Yves-Henri Faure, Nathalie Touze-Foltz

The characteristic flow equation: A tool for engineers and
scientists, Rich Lacey

Impact resistance and evaluation of retained strength on
geotextiles, C. Cheah, C. Gallage, L. Dawes, P. Kendall

Application design of concrete canvas (CC) in soil reinforced
structure, Hui Li, Huisu Chen, Lin Liu, Fangyuan Zhang,
Fangyu Han, Tao Lv, Wulong Zhang, Yujie Yang

Behaviour of model footing resting on sand bed reinforced
with multi-directional reinforcing elements, M. Hariku-mar,
N. Sankar, S. Chandrakaran

Performance evaluation of railway subballast stabilised with
geocell based on pull-out testing, M. Mahdi Biabani, Ngoc
Trung Ngo, Buddhima Indraratna

Shear behavior of sand-smooth geomembrane interfaces
through micro-topographical analysis, Prashanth Vangla,
Madhavi Latha Gali

Seismic evaluation of reinforced-soil segmental retaining
walls, Feifan Ren, Feng Zhang, Chao Xu, Guan Wang

Experimental study on the improvement of marine clay slur-
ry by electroosmosis-vacuum preloading, Jun Wang, Jianjun
Ma, Feiyu Liu, Wei Mi, Yuangiang Cai, Hongtao Fu, Peng
Wang

Feasibility study of copper slag as a structural fill in rein-
forced soil structures, P.S. Prasad, G.V. Ramana

Deformations of geosynthetic reinforced soil under bridge
service loads, Jennifer E. Nicks, Danial Esmaili, Michael T.
Adams

Please find the download of the articles at:
http://www.sciencedirect.com/science/journal/02661144
For IGS members to have FREE access to the G&G journal
articles they MUST log in through the IGS website.
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www.geoengineer.org

KukAo@popnoe To Teuxog #137 Tou Newsletter Tou Geo-
engineer.org (AuyouogTou 2016) pe MOAAEG XPROIMEG NAN-
poPOpIsC yia OAa Ta BEpaTa TNG YEWHNXaVIKAG. YnevOupile-
Tail 0TI To Newsletter ekdideTal and Tov ouvadeApo kal HEAOG
TnG EEEEMM AnunTtpn Zékko (secretariat@geoengineer.org).

EvOeIKTIKG avapépovTal:

e Sinkhole Forms in Backyard of Ipswich Home (Video)

e Earthquake in Chile Triggers Landslides Causing Dust
Clouds

e Earthquakes in Italy Leave 250 Dead; Rescue Efforts
Continue

e Case History - Renovation of the historic Richmond Train
Station

e Flood Waters in Nepal Break Through Defense Wall (Vid-
€o)

http://campaign.r20.constantcontact.com/render?m=11013
04736672&ca=33b5c35b-f00f-4120-b265-0517a10alac3
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EKTEAEZTIKH ENITPONH EEEENM (2015 - 2018)

Mpoedpog

A’ AvTinpoedpog

B’ AvTinpoedpog

levikog Mpappateéac:

Tapiag

'EQOpPOG

MéEAn

AvanAnpwuariko

rewpylog NIKAZETAS, Ap. MoAITIKoG Mnxavikdg, Kabnyntng E.M.M.
president@hssmge.gr, gazetas@ath.forthnet.gr

Mavayiotng BETTAS, MoAITIkOG Mnxavikog, OMIAOZ TEXNIKQN MEAETQN A.E.
otmate@otenet.gr

MixaAng NMAXAKHZ, MoAITIKOG Mnxavikog
mpax46@otenet.gr

MixaAng MMNAPAANHZ, MoAITikog Mnxavikog, EAA®OS SYMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

MNwpyog NTOYAHZ, MoAITIkoG Mnxavikog, EAAOOMHXANIKH A.E.- TEQTEXNIKESZ MEAETES A.E.
gdoulis@edafomichaniki.gr

Mwpyog MMNEAOKAS, Ap. MoAITIkog Mnxavikog, Enikoupog Kabnyntng TEI ABrvag
gbelokas@teiath.gr, gbelokas@gmail.com

Avdpeag ANATNQZTOMOYAOS, Ap. MoAITIkog Mnxavikdg, OudTInog KadnynTrg EMM
aanagn@central.ntua.grn

BaAia ZENAKH, Ap. MoAimikdg Mnxavikog, EAAOOMHXANIKH A.E.
vxenaki@edafomichaniki.gr

Mapiva MANTAZIAQY, Ap. MoAITIKOG Mnxavikog, AvanAnpwTtpia KadnyAaTtpia E.M.M.
mpanta@central.ntua.gr

MéANog KwvoTavTivog IRANNIAHZ, MoAimikdg Mnxavikog, EAAOOMHXANIKH A.E.
kioannidis@edafomichaniki.gr
Ek3OTNC XpnoTog TEATZANIOOE, Ap. MoOAITIKOS Mnxavikoc, MANFAIA SYMBOYAOI MHXANIKOI E.M.E.
editor@hssmge.gr, ctsatsanifos@pangaea.gr
EEEEI'M
Topéag MEWTEXVIKAG TnA. 210.7723434
ZXOAH NMNOAITIKQN MHXANIKQN Tot. 210.7723428
EONIKOY METZOBIOY NOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTteXVEIOUNOAN Zwypagpou geotech@central.ntua.gr

15780 ZQrPA®0OY

IotooeAida www.hssmge.org (und KaTaokeun)

«TA NEA THZ EEEEMM» Ekd0TNG: Xpriotog Toatoavipog, TnA. 210.6929484, ToT. 210.6928137, nA-3I. ctsatsanifos@pangaea.gr,

editor@hssmge.gr, info@pangaea.gr

«TA NEA THX EEEEMM>» «avapT®vTal» Kal oTnv 1I0ToogAida www.hssmge.gr
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