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Comparison of settlement calculation methods
for the design of a gravity base foundation in
deep water

Comparaison des méthodes de calcul de réglement
pour la conception d'une fondation gravitaire en eau
profonde

P.S. Smith, N. Hytiris and S. Mickovski

ABSTRACT The vast majority of offshore wind farms today
are supported by mono-pile foundations. Until fairly recently
mono-piles have been un-challenged as the primary founda-
tion type, but this is now changing. With offshore wind
farms moving into deeper water, monopiles are becoming a
less suitable option, not only economically but also in terms
of function. This paper focuses on concrete gravity base
foundations as an alternative to mono-piles for future off-
shore wind developments. More specifically the focus is on
the geotechnical aspects of concrete gravity base founda-
tion design, particularly the calculation of foundation set-
tlement using both traditional analytical and numerical
modelling methods. A design case study is performed using
site-specific data for a future Scottish Territorial Waters
offshore wind farm site. This consisted primarily of geotech-
nical stability and settlement calculations. The findings indi-
cated that there was a great compliance between traditional
analytical methods and numerical modelling approaches.

1 INTRODUCTION

Offshore wind farm developments have now reached the
point where reliance on previous knowledge from the oil and
gas sector for support structure design cannot continue.
Piles utilized for offshore wind purposes have a far greater
diameter than the average oil and gas driven pile, meaning
that there is little design guidance available and casting
doubt over the usual design procedures (Byrne 2011). With
sites moving into deeper waters there has been a push to
produce a more effective and financially viable foundation
solution to the mono-pile. This is due to the fact that mono-
pile foundations are not only increasingly expensive to fa-
bricate and install in deeper waters, but are also less effec-
tive in terms of structural stiffness and pose problems when
it comes to the decommission stage (Westgate and Delong,
2005). Concrete Gravity Base Foundations (GBF) have
emerged as a potential candidate to replace mono-piles in
future developments due to greater stiffness at depth and
the possibility of savings in production/installation. Unlike
mono-piles, GBF sit directly on the seabed and rely on self-
weight/ballast material and footing width to provide stabili-
ty. The fact that this foundation type performs differently
under lateral loading demonstrates the importance of un-
derstanding its effectiveness under realistic site conditions.

The settlement of an offshore wind turbine GBF is an impor-
tant issue; the turbine must remain in a serviceable position
during its lifetime. Any differential settlement or tilt that
may occur can have an adverse effect on the serviceability
of the turbine and the ability of maintenance crews to gain
access. If settlement is predicted accurately then it is possi-
ble to adjust the foundation transition piece, thus ensuring

the turbine tower remains within the serviceability limits
(DNV, 2014). Offshore structures are subject to immediate
settlements from cyclic loading and changes in loading pat-
terns over time, and long-term settlements relating to pri-
mary and secondary consolidation (Dean, 2010).

This study presents work investigating various methods of
settlement calculation, from traditional hand calculation
methods to the use of finite element software packages
such as PLAXIS 2D. These calculations were carried out
utilizing site-specific data and soil properties derived from in
situ marine ground investigation.

2 DESIGN METHODOLOGY

The design calculations were carried out in accordance with
relevant standards (DNV 2014) for a foundation bearing on
the seabed surface. The depth below the seabead-
foundation interface analysed in this study was taken as the
bed rock level at 80m, in accordance with the requirement
of a depth equal to two times the foundation width B to be
analysed. The calculations were split into three key areas;
(i) immediate settlements calculated via traditional analyti-
cal methods; (ii) consolidation settlement and rate of con-
solidation; and (iii) settlement analysis by means of numer-
ical modelling techniques (computer software). The design
input parameters such as the wave loading conditions, soil
stratigraphy/design parameters at the site and foundation
structural properties were provided by the client and are
detailed in the forthcoming sections. The results of the cal-
culations allowed the various foundation settlement scena-
rios to be analyzed comparatively.

2.1 Site description

The site is a Round 3 deep-water development, in the Scot-
tish Territorial Waters with water depths ranging between
40 m and 60 m at the lowest astronomical tide (LAT). The
development envisaged building of offshore wind farm for a
number of 6 MW turbines with a hub height of ca. 86 m
above LAT. The client required investigation into potential
designs for a gravity base foundation that would support
the turbine under 50-year return wave loading conditions.

At the request of the client, their identity and the location
for the works will remain confidential.

2.2 Soil stratigraphy and key design parameters

The details of the soil strata and associated design parame-
ters were derived from the results of offshore Cone Penetra-
tion Testing carried out at the site and are shown in Table
1. The sandy clay had a moisture content of 22%, with
PL=16 and LL=25.

It should be noted that the strength of all sand layers was
conservatively assumed as 0 = 35° due to lack of available
test data as it is on the lower end of values for drained
dense sand.

2.3 Design loading applied by 1-in-50-year wave

The 50-year return period wave and current design loads
(DNV, 2014) were provided as:

e Maximum horizontal load) Hmax = 38 MN (inclusive of a
1.5 MN wind load)

e Overturning moment M = 450 MNm

e Maximum vertical load V = -10 MN
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Table 1. Soil stratigraphy and adopted design parameters.
Cone end resistance (q.), effective unit weight (y'), relative
density (D), water content (w), liquid limit (LL) and plastic

limit (PL)
Soil Description Depth, Y Rt D,
m kN/m™ | MPa | %
Loose to medium 00-10 | 95 | 106 | 40
dense sand
Medium dense to very
dense silty sand (1) 1.0-7.0 9.5 10.6 | 61
Soft to hard sandy 70-12.2 57
clay 95
Medium dense to dense ’
silty sand (2) 12.2-16.3 165 | 52
(2) 16.3-30.5 19.6 | 52
(1) 30.5-34.9 9.5 334 | 63
Very dense silty sand 34.9-80 40
Bed rock 80

2.4 Foundation structural details

The foundation geometry parameters considered in this
case study were based on a GBF design concept from the
literature (GRAVITAS, 2012; Fig.1), with the following pa-
rameters based on 45 m water depth:

e Foundation air gap when submerged: 16 m
e Turbine hub height above LAT: 86 m

e Base diameter (foundation width) D=40 m
e Outer diameter, top of shaft: 6 m

e Net concrete volume: circa 3000 m3

e Solid ballast total: < 30,000 tons

e Submerged weight: Vs = 209 MN

V (Max Vertical

Load) = 10 MN
Foundationj
Aijr
Gap 2
Water Level
£ r J
-
g L \
O ¢ “—\
(’ b
Seabed - */ L H (Max Horizontal Load)
| | =38 MN
M (Overturning moment)
=450 MNm

Figure 1. Gravity base foundation section with design wave
loads

3 RESULTS

3.1 Effective foundation bearing area and pressure calcula-
tions

In order for the foundation settlement calculations to be
carried out, the effective foundation bearing area and the
pressure exerted to the seabed, as a result of the founda-
tion self-weight and wave loading, were calculated in accor-
dance with relevant standards (DNV, 2014). This effective
foundation area is expressed as a rectangular area that is
derived from an elliptical shape with a center at the founda-

tion eccentricity (Fig.2). The total vertical load applied to
the foundation is assumed to be applied eccentrically at a
specific distance (e) from the center of the footing.

Figure 2. Circular footing with effective elliptical bearing
area (DNV, 2014)

3.1.1 Effective foundation area
In order to calculate the effective foundation dimensions the

eccentricity (e) of the foundation vertical load (V) was cal-
culated as:

e = M/V;=2.05m (1)

where My =M from Section 2.3 and V4 = V+V (Section 2.3
and 2.4).

The effective elliptical area was then calculated as:
Aer = 2 [R’ arccos(e/R) — eN(R® — &)] = 1092.8m” 3y

The length and width of the equivalent effective rectangular
foundation area were calculated as:

(3)
(4)

Et’f‘f‘ = Aﬁ’ffb_e — 348 m

l
e

314m

Zi g
berr == be =
where le and be are the major elliptical axes associated with
the effective foundation area.

3.1.2 Foundation bearing pressures

The details from the previous section were then used to
calculate the average, max. and min. bearing pressures.
The average pressure across the foundation effective area
was calculated as:

Gaverage = Vmax/(/eff- beff) = 200.4 kN/m2

For eccentrically loaded foundations the bearing pressure is
not uniformly distributed, resulting in trapezoidal stress
distribution. In this case where e < B/6, the maximum and
minimum bearing pressures were defined as:

M)
1

=246/ 102.7 kN/m’ (5)

where P is the vertical loading, A is the foundation area, M
is the overturning moment, B is the foundation width and I
is the foundation moment of inertia.

P
Qmax/min = 3 *

ZeAida 5
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3.2 Immediate settlement calculated employing traditional
analytical methods

3.2.1 Schmertmann’s method (S)

The immediate foundation settlement was calculated using
a CPT-based method (Schmertmann et al., 1978) due to
available data as:

S;=C;C4,5,°2(I,/ E;) A, = 101 mm (6)

where C; is a depth correction factor taking into account
overburden pressure and C, is a long term creep factor
(both taken as equal to 1 for this study), A, is the net in-
crease of load at the foundation level, B is the width of the
loaded foundation area, I, is the strain influence factor for
the center of each layer (Fig. 2) and varies with depth, Eq is
the deformation modulus (taken as 2.5q. for axisymmetric
footings) varying with depth, and A, is the thickness of each
soil layer.

3.2.2 De Beer and Marten’s method (DM)

DM method (1975) was also utilized to calculate the total
immediate settlement using the available CPT results. The
settlement was calculated as:

Si=(H/Cs)In [(poz + A0z)/Po2] = 133 mm (7)

where H is the stratum thickness, Cs is the is the constant
of compressibility, taken as (Meyerhof, 1956):

Cs = 1.9 (C-/ po1) (8)

where C; is the static cone resistance and p,; is the effective
overburden pressure at depth tested. Additionally, p.> is the
effective overburden pressure at the center of the soil stra-
tum prior to application of the foundation loading and Ao; is
the vertical stress increase at the center of the soil stratum.
It should be noted that the Steinbrenner method was used
to assess the vertical stress increase at the center of each
of the soil strata. The equation was broken down and calcu-
lated for each stratum to take into account variation in
stress and constant of compressibility with depth, respec-
tively.

3.2.3 Meyerhof average immediate settlement (M)

Meyerhof (1974) proposed a quick estimate method for the
immediate settlement of a footing on sand. As defined by
the following equation:

ApB
Si i —
2C,

where B is the least dimension of the footing and Cxis the

average value of static cone resistance over a depth of B
below the footing.

= 205 mm (9)

3.3 Consolidation settlement

The consolidation settlement of the sandy clay (Table 1) has
been estimated using Schmertmann’s (1978) method as:

S.=H Ce log (&) =131 mm (10)

1+€O Pl

where H is the clay stratum thickness (5.2m), C. is the soil
compression index. e, is the final void ratio, P, is the effec-
tive overburden pressure at the center of the clay stratum,
P, is the increase in pressure at the center of the clay stra-
tum due to foundation loading. Due to a lack of oedometer
test results, the compression index was taken as:

C. 20.009 (LL - 10%) (11)

and the final void ratio was taken as:

€ = o G; (12)

where the particle specific gravity of clay has been taken as
Gs = 2.68.

3.4 Numerical modeling for settlement prediction

Two commercial software analysis packages were then used
to perform the same calculations, these were PLAXIS 2D
(PLAXIS, 2012) and OASYS pdisp (OASYS, n.d.). Both of
these packages required the input of Young’s modulus E,
amongst other parameters, which in absence of measured
values, was assumed as 2.5q. (Schmertmann et al.,1978).

3.4.1 Overall settlement (PLAXIS 2D) (P)

PLAXIS input programme was used to set up the model
geometry and assignment of model parameters. The un-
iformly distributed load of 200.4 kN/m? (Section 3.1.2) was
set at 40 m width to represent the foundation geometry.
The sand layers where modeled using the Mohr-Coulomb
failure criterion assuming drained condition upon loading;
the clay layer on the other hand was input using the ‘Soft
Soil’ method and assumed to be in an undrained condition
to take into account the effect of pore water pressure and
consolidation settlement. Fig.4 shows the deformed finite
element mesh representing the soil strata with the max.
settlement value calculated S = 173mm.

Figure 4. Deformed finite element mesh (uniform loading).
Deformation width = foundation width (40m)

The uniform loading calculation was deemed to be inaccu-
rate in its portrayal of the loading conditions as the eccen-
tricity of the foundation loading would result in trapezoidal
pressure distribution and thus, differential settlement. Using
the maximum and minimum values of foundation pressure
(Section 3.1.2) produced a maximum settlement under one
edge of the foundation of Spx=197 mm and a minimum
value at the opposite edge of Smin= 62 mm (differential set-
tlement AS = 135 mm; Fig.5). This produces an off-vertical
tilt of the foundation of 0.2°, thus satisfying the criteria
adopted by Piere et al (2009) of 0.25° at design and 0.75°
installation tolerance, giving a total design tolerance of 1°.

3.4.2 OASYS pdisp calculation (O)

The OASYS software did not require as extensive a user
input as PLAXIS and was limited in that it only considers
immediate elastic settlement and does not take into account
the effect of the phreatic level and pore water pressures,
particularly in the clay layer. To define the soil strata the
software required the values of E and Poisson’s ratio v with
each entry. The rigid boundary level was taken as 80 m
depth in agreement with the requirement for a depth equal
to 2B below the foundation to be analyzed. The immediate
settlement value calculated was S = 135 mm (Fig. 6) where
the vertical displacement with depth is shown.
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Figure 5. Deformed finite element mesh (trapezoidal load-
ing). Deformation width = foundation width (40m)

2 Displacement mim]
10 800

401

80
Figure 6. Displacement (mm) with depth below the footing
3.4.3 Overall settlement predictions

The summary of the settlement predictions is shown on
Table 2.

Table 2. Summary of the settlement predictions

Settlement Method S DM M (0] P

Immediate [mm] 101 133 205 135 173
Consolidation [mm] | 131 131 131 131 131
Differential [mm] - - - - 135
Total (mm) 232 264 336 266 304

4 DISCUSSION AND CONCLUSIONS

The results showed clear compliance between traditional
analytical and numerical modeling settlement calculation
methods, with the numerical methods producing slightly
higher values than the traditional calculations. This suggests
that the settlement problem in traditional soil mechanics
can be applied to offshore wind turbines with confidence
and the calculations can be refined and improved by the use
of numerical modeling software.

Based on the results of this study it is recommended that
the S method is favoured prediction method when combined
with a numerical modeling tool. This study has shown the
benefits of PLAXIS in predicting the settlement of a shallow
footing and has the potential to provide highly realistic
models of a given site, provided the input data is accurate.

The availability of in-situ testing data (CPT in this case) was
of utmost importance for accurate analysis and design
avoiding the need for assumptions resulting in over/under
estimates. For future designs it is recommended that at
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least similar in situ testing is carried out prior to the design,
perhaps focusing on direct measurement of angle of shear
(e.g. shear vane), rather than assuming it, which would
optimize the design. S and O / P methods also required the
input of the elastic modulus (Eq4) of the soil strata which was
assumed. Future work should include investigation of the
effects of this parameter on settlement for offshore struc-
tures, enhancement of methods for its direct measurement,
or more realistic approximation (Terzaghi et al., 1996).

The accuracy and reliability of the assumed parameters are
the main issues in the design for serviceability (Das and
Sivakugan (2007). More detailed and relevant in-situ and
laboratory testing as well as improving the quality and ac-
curacy of the existing methods can contribute towards op-
timization of the design. The reliability (likelihood that
measured settlement < predicted ), can be improved by
accurately measuring actual structure settlements for which
new methods and monitoring plans should be developed to
cater for the offshore environment (Byrne, 2011).

The calculated values of total settlement in this study would
increase due to processes, such as scour and cyclic loading,
if appropriate measures are not taken. There is a dearth of
design guidance on the effect of cyclic loading on the set-
tlement, and our future research will focus on this aspect.

Additionally, the use of foundation skirts on the foundation
base, which penetrate the seabed upon installation and pre-
vent undermining/loss of bearing area whilst also transfer-
ring foundation loading to a stronger stratum, has not been
investigated in the past and is another area of focus for our
future research.
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The design of an anchored pile retaining struc-
ture to control landslide regression at Lyme Re-
gis, UK

Conception et calcul d'une structure de retenue an-
crée en pieux foré afin de controler I’'évolution d’un
glissement de terrain a Lyme Regis, au Royaume-Uni

C. Candian, A. Goodwin and D. G. Daskalopoulos

ABSTRACT The town of Lyme Regis lies on the coast of
southern England within a World Heritage site. Part of the
town and the coastal land immediately to its east lie within
a major landslide complex. Stabilising works were required
to protect land to the east of the town, but stabilisation of
the landslide complex as a whole is not practicable due to
its scale and environmental constraints. The design solution
was a single row of 900mm diameter bored piles at 1.8m
spacing with a concrete capping beam supported by pre-
stressed ground anchorages embedded into stable strata
further uphill. This paper outlines the development of a
ground and failure model for the site based on a robust un-
derstanding of the geology and failure mechanisms, and the
estimation for design purposes of a likely ground model at
the end of a 60 year design life. It discusses the analytical
approaches used to design the wall and presents selected
output to illustrate the effect of global movement patterns
on behaviour

1 INTRODUCTION

Lyme Regis and its environs lie on the Jurassic Coast of
southern England within a World Heritage site that is also
within one of the most unstable and actively eroding
stretches of coastline in the UK. The town itself is built on
pre-existing and largely active coastal landslip systems that
are causing damage to properties and infrastructure
through progressive movements with periodic rapid failures.

Previous studies had recognised that stabilisation of the
landslide complex as a whole was not practicable, especially
given the environmental constraints. It was recognised
though that a scheme to protect an area to the east of the
town was essential. After extensive consultations High Point
Rendel developed a reference scheme with a 60 year design
life that included a new seawall, a soil nailed slope, a pile
retaining structure, and drainage measures.

A companion paper deals with the design of the soil nailed
slope, whilst this paper primarily addresses the appraisal
and design of an anchored piled wall. It focuses firstly on
the development of the design ground model during which
landsliding would continue, and secondly on the optioneer-
ing and analysis of the final design solution, 900mm diame-
ter anchored bored piles at 1.8m spacing.

2 GEOLOGICAL SETTING AND CURRENT GROUND CONDI-
TIONS

The site lies to the east of Lyme Regis as shown in Figure 1,
with the ground rising gently inland towards Timber Hill.
The regional geological succession comprises Cretaceous
Upper Greensand deposits unconformably overlying Jurassic
Charmouth Mudstone and Blue Lias Formations. Local to the
site, the succession comprises Shales with Beef, a basal
member of the Charmouth Mudstone overlying Blue Lias,
with Upper Greensand deposits inland.

The Shales with Beef comprise thinly interbedded organic-
rich mudstones and calcareous mudstones. It contains nu-
merous thin, laterally persistent beds of fibrous calcite
(*beef’) and beds of tabular and nodular limestone including
the Table Ledge and Fish Bed marker beds. Previous studies
had revealed that, other than a stable spur to the east, the
upper part of the Shales with Beef had been subject to pe-
riglacial disturbance to within 1m to 2m of the Table Ledge,

TA NEA THZ EEEEI'M - Ap. 100 - MAPTIOZ 2017

at a typical depth of 6m to 8m in the vicinity of the retain-
ing wall. The disturbed deposits were typically firm to stiff
clays with localised areas of soft very soft clays at or very
near surface.

Typical Cross-Section 23
Design Section C

Black Ven
landslide complex

Typical Cross-Section 7
Design Section B

Figure 1. Site Location

The Blue Lias Formation comprises 26m to 38m of thinly
interbedded limestones and calcareous, locally laminated,
mudstone or siltstone that typically weathers to stiff clays
that grade to weak mudstone. The strong fine grained blue-
grey limestone beds are typically 0.1m to 0.3m thick and
break into hard tabular blocks. The top of the Blue Lias is
marked by Grey Ledge, an almost continuous tabular, dense
muddy limestone.

Onshore the dip of the Blue Lias strata is about 4° towards
the south-east, reducing to around 1.5° beneath the fore-
shore. The unconformity at the base of the Cretaceous for-
mations dips westwards at around 3°. The strata are cut by
minor faults around which local changes in magnitude and
direction of strata dip are apparent. There are also more
major faults in the area but these do not directly affect the
site.

3 LANDSLIDING APPRAISAL

Understanding the instability of the coastal region was an
important aspect of the wall design. The complex regional
landslip mechanisms have been studied and investigated for
many years (e.g. Gallois, 2009) but essentially comprise of
the following:

e Local discontinuity controlled block slides and falls of the
Blue Lias cliffs

e Translational and compound slides in the Shales with
Beef circa 2m above Table Ledge in the periglacially dis-
turbed materials and circa 2m above Fish Bed in undis-
turbed strata

e Reactivated translational mudslides inland of the retain-
ing wall within the Shales with Beef

e Following movements, the scarp features formed in the
Shales with Beef degrade through local mudflows of the
strata, especially after heavy rain.

e Studies revealed also that a stable spur exists to the
east of the site; this marks a break between the slips
close to Lyme Regis and the extensive Black Ven/ Spit-
tles Landslip complex to the east.

Based on previous reports and published work the site was
zoned into two areas, namely the East Cliff Main Slip Area
and the Allotments Area. The former area is moving signifi-
cantly despite the toe being protected from sea erosion by
the sea wall. The major movements were assessed to com-
prise shallow rotational and planar slides within the perigla-
cial zone which are heavily influenced by surface and
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ground water. Deep seated planar slides along the limes-
tone beds were shown by back analysis to not be conti-
nuous features, though sufficient ground straining had oc-
curred to reduce the strength to below peak values.

In contrast, the slope and cliff in the Allotments Area appear
to be relatively stable at present other than the effects of
sea erosion and its inducement of local cliff face instability.
The Allotments Area is not protected by a sea wall and his-
torically is known to regress inland at circa 0.5m per year.

4 DESIGN GROUND CONDITIONS

The retaining wall was not designed to prevent instability,
rather it is to provide a break line to prevent further inland
scarp regression. For design it was critical therefore to es-
timate the likely profile at the end of the 60 year design life.

In the East CIliff Main Slip Area ongoing movements were
expected to continue in front of the wall due to rainfall infil-
tration and groundwater, even though the rate of move-
ment would likely reduce compared to present due to the
introduction of drainage upslope of the wall. The slope
formed would be uneven, but an average angle of 11.50
degrees was considered worst case and equivalent to the
shallowest parts of the current slope profile.

In the Allotments Area the current stability was considered
unlikely to be maintained long term. It was envisaged that
new movement trends to the south west were likely in re-
sponse to the continued instability in the East Cliff Main Slip
Area. As the Allotments Area had not been subjected to
periglacial slips a worst credible slope angle of 15° in the
strata above Table Ledge was envisaged. The steep coastal
cliff was expected to regress similar to present.

Based on this understanding of future movement patterns
and the ground investigation data, design cross sections
were prepared for the end of design life case, typical forms
of which are shown in Figures 2a and 2b. Figure 2c shows
also the lateral variation in the level of the Blue Lias be-
drock along the line of the retaining wall, which for design
purposes was reduced by 1m to allow for local variations. In
the event, construction records proved the predicted levels
to be 500mm or more above this design level.

Groundwater levels were taken to be at or very near surface
except for local drawdown close to where drainage meas-
ures were to be installed.

5 DESIGN OF ANCHORED PILED RETAINING WALL

Three main cross sections were considered for the anchored
piled wall design, namely:

e Western part of the East Cliff Main Slip (Section A)

e Central (and Eastern) part of the East Cliff Main Slip,
where previous ‘Urgent Advance Works’ in 2003/4 had
left two rows of piles tied together with steel bars (Sec-
tion B)

e Eastern, within the Allotments Area (Section C)

5.1 Pile Geometry

The anchored wall design comprises a single row of 900mm
diameter anchored piles at 1.8m centres throughout, with a
continuous capping beam. The anchors are multi-stage, 4
strand, in Sections A and B, and these were extended 5m
on plan into the western end of the Allotments Area as a
transition. All piles were 23m long in the East Cliff Main Slip.
To the east in Section C the anchors are 3 strand, with the
piles incrementally increasing in length from 24m to 27m.
All anchors are inclined 30 degrees to the horizontal and
installed with a 150kN pre-stress per strand.

Retaining heights considered for design were determined
based on the estimated ground profiles at the end of the
design life. The values selected were 5.6m (Section A),
5.5m (Section B), and 6.8m (Section C). The wall design
had to work around the existing piling in the Central Sec-
tion. However, no account was taken of the capacity of the
existing piles due to the limited embedment of the piles and
concerns over their long term performance.

5.2 Geotechnical Design Parameters

The following tables show the characteristic material prop-
erties, which were derived based on site specific ground
investigation data. These values were further verified early
in the design process through limit equilibrium SLOPE/W
analyses of the existing slopes and assessment of the fac-
tors of safety against slips occurring both along pre-defined
potential shear surfaces and through the ‘intact’ mass. The
characteristic values were then factored in accordance with
EC7 to determine design values.

It should be noted also that the stiffness values were esti-
mated based on both site specific data and published litera-
ture. Account was taken too of the strain dependency of the
values, with preliminary PLAXIS analyses showing predicted
ground strains of less than 1%.

Table 1. Characteristic Strength Parameters

Bulk Peak Residual
Unit Parameters Parameters
Formation .
Weight Q' c’ @’ c’
(kN/m3) | () (kPa) Q) (kPa)
Disturbed Lias
/Active Slip 19 20 0 11.5 0
Mass
Shales with 19 25 5 115 0
Beef
Blue Lias
(highly 20 25 12.5 - -
weathered)
Blue Lias
(weathered) 20 30 25 . .
Blue Lias
(unweathered) 20 35 8> . .

Table 2. Characteristic Stiffness Parameters

Undrained Stiffness Drained Stiffness
Values Values
Formation (MPa) (MPa)
Design Lower Design Lower
9 Bound 9 Bound
Disturbed Lias
/Active Slip 20 10 11.5 0
Mass
Shales with 40 20 11.5 0
Beef
Blue Lias
(highly 40 - 30 -
weathered)
Blue Lias
(weathered) 75 ) >0 )
Blue Lias
(unweathered) 150 ) 112.5 )
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Figure 2c. Lateral Variation in the level of the Blue Lias bedrock along the retaining wall
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5.3 Design Approach

The design was undertaken using a combination of ap-
proaches:

e PLAXIS analyses (2D) were used to assess the effect of
the ongoing instability of the coastal slopes and model
soil - structure interactions; in particular they allowed
pile wall movements and ground movements close to
and remote from the wall to be assessed, and ensure
global instabilities could not be induced through local
wall movements

e WALLAP analyses were used as a ‘rapid modelling’ tool
to supplement PLAXIS and allow EC7 compliant limit
states to be assessed; as the models were unable to
model the overall slope movements due to software li-
mitations, ‘modelling correction factors’ were required to
be applied to the WALLAP results to calibrate them to
the PLAXIS results

5.3.1 PLAXIS Analyses

The 2D PLAXIS analyses represented the SLS limit state,
and as such unfactored parameters were used for the de-
sign appraisal. Other key aspects of the modelling approach
were:

e Mohr-Coulomb, linear elastic model (i.e. no strain sof-
tening) with constant stiffness appropriate to the strain
levels

¢ No tension was allowed in the ground

e The construction stages were modelled sequentially,
including degradation of the slope long term

e Excess pore pressures were allowed to dissipate be-
tween each construction stage as appropriate

An additional feature of the design was the decision as part
of the risk management process to verify that the design
solution would also work using lower bound stiffness para-
meters, as sensitivity analyses had showed these to be in-
fluential on the predicted wall performance. Utilisation levels
of unity or less were targeted in this very cautious state,
implicitly providing an additional safety factor on the design
compared with EC7.

For detailed design, analyses were undertaken for the three
critical sections (A, B & C) defined above. Major observa-
tions were as follows:

e The predicted horizontal displacements in Sections A and
C were similar, with downslope movements concen-
trated above the Blue Lias and occurring in a zone local
to the wall without any global effect (see Figure 3)

e Relative pile movements followed the expected pattern
for an embedded pile, but the global downslope move-
ment pattern resulted in an absolute toe movement of
between about 5mm and 10mm

e In Section C the patterns of movement were significant-
ly smaller than the remainder of the wall, and even after
regression of the cliff face was modelled movements
were small and again largely confined to the zone above
the Blue Lias (see Figure 5).

5.3.2 WALLAP Analyses

WALLAP analyses were undertaken using SLS, DA1-C1 and
DA1-C2 limit states, with partial factors applied in accor-
dance with EC7. Key observations regarding the basis of the
modelling are:

e the hydrostatic ground water conditions used were an
approximation of the variable ground water profile with-
in the overall slope

e the construction sequence was modelled to replicate the
expected conditions, similar to the PLAXIS modelling.
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Figure 3. Horizontal movements in Section B
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Figure 5. Total movements in Section C

The results of the analyses indicated that Sections A and C
were the worst case, and these were taken to be represent-
ative of the East Cliff Main Slip area (Western and Central
sections) and Allotments area (Eastern section) respective-
ly.

The form of movement and bending moments predicted by
the analyses were similar to those derived from PLAXIS, but
smaller in magnitude. As PLAXIS modelling was substantial-
ly slower than WALLAP, the approach adopted was to define
the design envelopes using the WALLAP output and to factor
these up using the modelling correction factors discussed in
Section 5.3. Final PLAXIS analyses were then undertaken to
verify the factored envelopes were reasonable and cautious.

Table 3 summarises the correction factors derived using this

method. The factors of up to 1.75 indicate clearly the effect
of the global slope movement patterns on the piles and the
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significant under-estimation of the required structural ca-
pacities of the piles if a conventional WALLAP based ap-
proach had been used alone.

Table 3. Summary of Modelling Correction Factors

Attribute Correction Factor
Bending Moment 1.75
Shear Force 1.75
Anchor Force 1.25
Horizontal Movement 1.50

Table 4 summarises the design values used to determine
the structural design requirements for the anchors and
piles.

Table 4. Summary of pile design values

Design Design Design Maximum
Section Bending Shear Anchor Horizontal
Moment Force Force Movement
(kNm/pile) | (kN/pile) | (kNm/pile) (mm)
2284 811 545 143
1602 904 391 114

6 CONCLUSION

The design of the piled retaining structure within an area of
ongoing instability presented significant and unusual chal-
lenges:

e The establishment of a robust ground model for design
is usual, but in this case it was dependent first on the
development of an understanding of the existing ground
and ongoing failure modes, and secondly the estimation
of the likely ground conditions at the end of the 60 year
design life based on a holistic understanding of the site.

e Having established the design ground model, it was rec-
ognised that consideration of the wall alone would unde-
restimate its required capacity as global movements
were likely to significantly complicate the soil-structure
interactions; as a result both PLAXIS and WALLAP ana-
lyses were undertaken and confirmed this effect.

e PLAXIS analyses of complex conditions are relatively
much more time-consuming and a design protocol was
implemented that allowed the high productivity asso-
ciated with WALLAP modelling to be utilised even in
these complex ground conditions through the use of
‘modelling correction factors’ in combination with PLAXIS
verification.
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Feasibility study of random fibre reinforced
railway ballast using image-based deformation
measurements

Etude de faisabilité du ballast ferroviaire aux fibres
aléatoires renforcées utilisant des mesures de défor-
mation basées sur images

0. Ajayi, L. Le Pen, A. Zervos and W. Powrie

ABSTRACT The need to develop new means of optimizing
the performance and minimizing maintenance requirements
of railway ballast has become more pressing. This is due to
the growing need for the development of resilient track ma-
terials (including ballast) capable of withstanding increasing
train speed, load and frequency. In recent times, railway
ballast has been reinforced mostly by the use of geogrids
placed at strategic depths within the ballast layer. However,
experience has shown that the presence of geogrids re-
stricts the type of maintenance activity (tamping) that can
be carried out on the reinforced track section. The addition
of random fibre reinforcements in ballast has been proposed
as an alternative reinforcement technique that can meet the
reinforcement requirements of ballast without limiting fu-
ture maintenance activities. Using novel digital-image based
deformation measurement technique for triaxial tests, the
deformational evolution of random fibre reinforced scaled
ballast was investigated. The mechanism of reinforcement
in the reinforced granular material is highlighted and the
potential applications in railway ballast discussed.

1 INTRODUCTION

The ballast supporting a traditional railway track has at-
tracted significant research interest in recent times, but
there is considerable potential for optimizing its perfor-
mance and minimizing maintenance requirements. The use
of randomly orientated fibre reinforcements in sand has
been shown by previous research to improve its mechanical
properties. Similar benefits can be expected to be observed
in ballast (which is also a granular material) if an in-depth
scientific understanding of the mechanics involved is
achieved.

The use of randomly orientated fibres to reinforce soil has
been investigated by a number of researchers (e.g. Micha-
lowski and Cermak, 2002; Lirer et al., 2011; Diambra et al.,
2013). The mechanical behaviour of the mixture may be
influenced by fibre properties, soil characteristics and rein-
forced soil characteristics. There is also a general consensus
among researchers that the micromechanics of the fi-
bre/particle interaction significantly influence its mechanical
properties (e.g. Michalowski and Zhao, 1996; Diambra et
al., 2013). These fibre/particle interaction mechanisms in-
clude the relative fibre/particle dimensions, fibre content
etc. However, no attempt has been made to study the de-
formation of fibre reinforced granular materials at both the
full field and local micro-scale level.

This paper reports the use of an image-based deformation
measurement method developed by Bhandari et al. (2012)
to study the local deformation of fibre reinforced triaxial
specimens.

2 EXPERIMENTAL WORK
2.1 Materials

The granular material used in the experiments reported in
this paper follows a grading parallel to that of standard
Network Rail (NR) ballast at 1/5 scale (Figure 1). This offers
an attractive and economical means of developing an un-
derstanding of the mechanics of full size ballast (Digo = 62
mm). Le Pen et al. (2013) demonstrated that although
there is a measurable variation of form and roundness with
particle size over a range of sieve intervals, these differenc-
es are slight and do not militate against the use of scaled

material in investigating the factors influencing macro-
mechanical behaviour.
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Figure 1. Particle size distribution of 1/5 scaled, and Net-
work Rail standard ballast

The dimensions and the typical mechanical properties of the
fibres used are presented in Table 1.

Table 1. Typical values of the basic properties of polyethy-

lene fibres
Polyethylene
Fibre length 58 mm
Fibre width 20 mm
Fibre thickness 0.5 mm
Specific gravity 0.92

5

Tensile strength 20.3 MPa', 11.2 MPa?

Softening temperature 85°C

' Longitudinal; % Transverse

2.2 Laboratory Tests

The scaled ballast-fibre mixture used in the triaxial tests
was prepared by mixing known masses of fibres and scaled
ballast in a plastic container. The resulting mixture was ran-
dom and homogeneous. The procedure for determining the
maximum and minimum density of fibre reinforced granular
are described in Ajayi et al. (2014).

2.2.1 Triaxial tests

Conventional monotonic triaxial tests on specimens 150 mm
in diameter and 300 mm in height were carried out on fibre
reinforced and unreinforced scaled ballast specimens. The
fibre-reinforced scaled ballast mixture was prepared to
achieve the densest state corresponding to the minimum
void ratio at a given fibre content.

The triaxial tests were carried out on dry specimens at a
confining stress of 30 kPa to replicate the typically low con-
fining stresses within ballast as reported in the literature
(e.g. Indraratna et al., 2010; Sevi and Ge, 2012). The tri-
axial tests and the initial conditions of the specimen are
summarised in Table 2.

The void ratio, e is defined as the ratio of the volume of
voids (V,) to the volume of grains (Vs). The Volumetric fibre
ratio, Vy is defined as the ratio of the volume of fibres (V)
to the volume of solids.
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Table 2. Triaxial tests carried out

Specimen 2; Fibre content, V. (%)
1/5 SB 0.76 -
Vi=16.5% 0.98 6.5

2.2.2 Image-based deformation measurement technique

A digital image-based deformation measurement system for
triaxial tests as described in Bhandari et al. (2012) was uti-
lized to study the local deformation of the specimens. The
triaxial setup consisted of two digital cameras placed along
the radii of the transparent triaxial cell at an interval of
about 120° when viewed in plan.

In the image analysis, a resolution of 0.01 pixel was chosen
for the sub-pixel interpolation, with a precision better than
0.0033 pixel for a 181 x 181 pixel subset based on the em-
pirical equation given by White et al. (2003) is. The accura-
cy was found to be better than 0.10 pixels or 0.004 mm in
the objectspace at a nhominal image scale of 0.04 mm/pixel
at the centre of image (Bhandari et al., 2012).

3 DEFORMATION CHARACTERISTICS OF FIBRE REIN-
FORCED TRIAXIAL SPECIMEN

The addition of fibres produces an increase in the peak
stress ratio, g/p’, of the mixture while suppressing its dila-
tion (Figure 2). The effect of fibre reinforcements on the
dilatancy (as defined in Eq. 1) of the specimen is further
highlighted in Figure 3. Figure 3 indicates that the rein-
forced specimen is able to mobilise a higher mobilised
strength at a given rate of dilation than the unreinforced
specimen.

& = 00/ Ogq (1)

The results of the image analysis of the triaxial specimens
during the pre-peak and post-peak deformation stages of
the shearing process (as seen in Figure 2) are shown in
Figures 4 and 5 respectively. The horizontal axis of each
plot represents the circumferential distance of the specimen
and the vertical axis represents the specimen height, both
in millimetres. A reference vector is shown below the dis-
placement vector field (Figure 4(a) and 5(a)) and the colour
bar displayed to the right of the strain fields (i.e. Figure
4(b) and 5(b)) represents the corresponding strain in per-
centage. For comparison, the limits of the colour bar for
each plot were kept constant.

During pre-peak deformation, a more nearly vertical defor-
mation of the reinforced specimen was observed compared
with the unreinforced specimen (Figure 4(a)). The unrein-
forced specimen exhibited higher shear strain over the pre-
peak deformation stage than the reinforced specimen (Fig-
ure 4(b)).

During post-peak deformation, the reinforced specimen
exhibited more nearly vertical deformation than the unrein-
forced specimen (Figure 5(a)). A more homogeneous distri-
bution of shear strains is also observed in the reinforced
specimen.

4 DISCUSSION

At large strains, fibres in granular materials are believed to
be undergoing significant stretching thereby mobilising their
tensile forces. This in turn creates an apparent confinement
of the granular matrix (Diambra et al., 2013) and thus a
reduced shear strain distribution.

This suggests that fibre reinforcements in railway ballast
can potentially reduce shear deformation (evident through
reduced lateral spread) while increasing the mobilised
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strength of the composite. In addition, the more uniform
distribution of strains as observed in the reinforced scaled
ballast specimen can potentially lead to a re-distribution of
stresses (vertical and horizontal) within the reinforced bal-
last layer.
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/ —— 1/5 scaled ballast
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Figure 2. Effects of fibre reinforcements on the develop-
ment of stress ratio, g/p0 and volumetric strain with axial
strain for scaled ballast
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Figure 4. Pre-peak deformation characteristics of unrein-
forced and reinforced specimens (a) displacement vector (b)
maximum shear strain fields

5 CONCLUSIONS

An image-based deformation measurement technique was
used to investigate the deformation characteristics of un-
reinforced and reinforced 1/5 scaled ballast specimens. Fi-
bre reinforcements in scaled ballast produced an increase in
the mobilised strength of the mixture while suppressing
dilation. At large strains, the addition of fibres to scaled
ballast produced a more uniform distribution of shear
strains owing to the apparent confinement provided by the
tensile resistance of the fibres.
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Figure 5. Post-peak deformation characteristics of unrein-
forced and reinforced specimens (a) displacement vector (b)
maximum shear strain fields
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Applied rock engineering for the investigation
and restoration of mine workings, case example
— Dudley Limestone mines

Ingéniere appliquée rock pour les enquétes et la res-
tuaration des chantiers miniers, affaire exemple -
mines de calcaire caire de Dudley

R. A. MacKean, J. C Sharp, S. C. Bandis, E. A Bacasis, R
Morgan

ABSTRACT Wren's Nest Mine was excavated during the
18th, 19th and 20th Centuries, extracting a dipping se-
quence of Silurian Limestone, primarily for the making of
lime. The room and pillar mines were finally abandoned in a
precarious state following systematic ‘robbing’ of the pillars.
Significant collapse occurred in 2011 and with further falls
and ongoing concern for public safety the final famous up-
per (daylight) gallery was completely backfilled with granu-
lar material in 2004. The site forms an important part of the
local heritage and was declared a National Nature Reserve
in 1957. In 2006 Dudley Metropolitan Borough Council and
other stakeholders wished to remove the granular backfill
from the upper gallery and re-establish public access, as a
key part of an ambitious, large scale underground facility
for the area. The paper summarises the geological and rock
engineering studies undertaken to establish design concepts
for long-term stabilisation of the underground complex.

1 INTRODUCTION

The Wren’s Nest Mine is a part of an extensive area of min-
ing that extends through several levels and depths below
Dudley. The limestone on the west side of Wren’s Nest dips
at 30° to 45°, on the limb of an anticline, and the upper
gallery is unusual in that it is open to the surface with day-
light entering between the remaining pillars. A plan of the
mine is shown on Figure 1 and a view of the uppermost
‘daylight’ gallery is provided as Figure 2. The pillars shown
on the right-hand side of Figure 2 are named the Seven
Sisters, of which just five remain, as shown on Figure 1.
Details of the internal geometry of the mine workings are
shown along a section, Figure 3, the location of the section
is marked on Figure 1.

DRAWING TITLE
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wot e | | GEO-DESKGN

Figure 1. Plan layout of mine showing pillar geometry.

Due to concerns over public safety, the lower levels of the
mine have been progressively backfilled. Public access to
the viewing platform and the area above the daylight gal-
lery was stopped in 1977.

Significant collapses occurred in 2001 and as a result the
third and second galleries were backfilled with grout. Due to
further rock falls and ongoing concern over public safety,
the upper (daylight) gallery was completely backfilled with
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granular material in 2004. Granular material was used in
the hope that this section of the mine might be reopened
following assessment and installation of stabilisation meas-
ures that might be required to secure the long term stability
of the openings.
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Figure 3. Cross section through mine workings based on
3D laser scan survey undertaken prior to the backfilling in
2004.

This paper outlines the engineering geological basis of rock
engineering studies for stability evaluation and review of
remediation concepts.

2 INVESTIGATION AND GEOLOGICAL MODEL DEVELOP-
MENT

2.1 Boreholes and Geophysical Logging

Three rotary cored holes were undertaken during July 2006,
as follows :

Table 1. Project Boreholes

Depth to Upper Inclination
Hole Number Gallery crown degrees from
(m) vertical
RO1 17.3 20
R0O2 16.3 23
RO3 17.8 14
Zelida 17



The boreholes were positioned above the upper gallery,
inclined towards the east so as to be approaching perpendi-
cular to bedding.

All holes intersected the granular backfill where a 0.2 to 2.3
m thick void was encountered between the crown and back-
fill. An additional hole was bored using the ‘sonic’ drilling
method. However, very poor quality core recovery was
achieved and the method was abandoned.

All holes were geophysically logged by Natural Gamma,
Caliper and Optical Televiewer.

Scaffolding was constructed at key locations to provide di-
rect access to the exposed geological sequence that was
logged in detail following the procedures outlined below.

2.2 Geological Setting and Lithostratigraphy

The broad stratigraphy was originally defined by Murchison
in 1839 and based on that formative work, the Silurian Sys-
tem was established. The following principal units are
present at the site:

Upper Wenlock Limestone/Nodular Beds/
Lower Wenlock Limestone/Basement Beds/
Wenlock Shales

The mines in this study were formed within the lower Wen-
lock Limestone. Exceptionally detailed unpublished work (Dr
Dave Ray) provided further subdivision of the sequence that
formed a framework within which to build a lithological and
bedding discontinuity model (Figure 3).

The following classification of lithologies was adopted (Table
2):

Table 2. Project Lithological Classification

Ref. Lithology

L1 LIMESTONE (packstone - grainstone)

L2 LIMESTONE (wackestone)

L3a NODULAR LIMESTONE (Bedded)

L3b  NODULAR LIMESTONE (Matrix Supported)

L4 ‘WEAK’ (poorly indurated and / or sheared)
MUDSTONE - SHALE LAYER >20mm<150mm
L5 BENTONITE LAYER >20mm <150mm

2.3 Rock Mass Structure

The principal discontinuity set which controls rock mass
behaviour, for the typical case, is the dipping bedding re-
lated structure.

Bedding discontinuities are prominent within the rock mass
due to the variety of interbedded and contrasting litholo-
gies, and also the weak, sometimes thick clay layers. The
nature of the bedding discontinuities varies according to the
associated lithology and a classification was developed to
reflect this, shown in Table 3 (examples are shown in Fig-
ures 4 and 5).

Each bedding discontinuity ‘Type’ was comprehensively cha-
racterised in terms of their physical properties. Thus, dis-
continuities in core and outcrop needed only to be classified
according to the above systems in order to produce ‘Strip
Logs’ of Discontinuity Type, rather than requiring repetitive
description of each individual discontinuity.

Each bedding discontinuity ‘Type’ was comprehensively cha-
racterised in terms of their physical properties. Thus, dis-
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continuities in core and outcrop needed only to be classified
according to the above systems in order to produce ‘Strip
Logs’ of Discontinuity Type, rather than requiring repetitive
description of each individual discontinuity.

Table 3. Project Bedding Discontinuity Classification

Ref. Bedding Discontinuity Type Iﬁ:ﬁg:ﬁ;‘:’d

B1 BEDDING DISCONTINUITY LST L1

B2 BEDDING DISCONTINUITY LST L2
*WEAK’ (poorly indurated and / or

B3 sheared) MDST - SHALE LAYER L1, L2 & L3

>2mm<20mm

‘WEAK’ (poorly indurated and / or
B4 sheared) MST - SHALE LAYER L4
>20mm <150mm

BENTONITE LAYER >20mm

B5 <150mm

L5

B1 | B2 B3 B3 AND B4

Figure 5. Bedding Types B4 and B5 - Examples

Each bedding discontinuity ‘Type’ was comprehensively cha-
racterised in terms of their physical properties. Thus, dis-
continuities in core and outcrop needed only to be classified
according to the above systems in order to produce ‘Strip
Logs’ of Discontinuity Type, rather than requiring repetitive
description of each individual discontinuity.

Correlation between boreholes and outcrop strip logs, within

the context of the lithostratigraphical model resulted in the
semi-deterministic bedding model illustrated on Figure 6.
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Figure 6 Bedding Discontinuity Model. Colours represent
different discontinuity types.

The type and condition of jointing varies within the limes-
tone sequence. Two subvertical orientation sets are present
and trend north-south and east-west, consistent with the
regional trends. The following three principal types are evi-
dent :

e Intra-bed jointing
e Throughgoing joints
e Throughgoing major joints / minor faults

The intrabed jointing is relatively subdued and not always
discernable in outcrop.

Throughgoing joints are evident in outcrop and also from
prior mapping. More major joints are also present, these
features are stained to gallery level and have a brown clay
infill. Such features have had a significant control over large
scale past instability mechanisms and required careful con-
sideration.

2.4 Weathering

The rock mass is weathered and exhibits a clearly defined
weathering profile with depth. It can be summarised as fol-
lows :

e Zone C ‘Highly weathered’
e Zone B ‘Moderately Weathered’
e Zone A ‘Slightly weathered’

In Zone A the extent of weathering is pervasive with a sig-
nificant reduction in material strength. Zone B is characte-
rised by preferential weathering associated with only mud-
stone / shale interbeds which are significantly weakened
relative to Zone A.

A key feature of the weathering profile is that the interface
between the zones is not at a consistent level in relation to
the crown of the openings, with a more enhanced weather-
ing profile apparent at the southern end compared to the
northern end.

3 ROCK MASS CHARACTERISATION

Each Discontinuity Type was defined and characterised
based on their physical characteristics such as persistence,
roughness, aperture, degree of associated alteration, infill
and wall strength.

These characteristics provided the basis for derivation of the
joint roughness (JRC), wall strength (JCS) and residual fric-
tion indices of the Barton-Bandis (BB) model for shear
strength and stiffness modelling.

Important behavioural features of discontinuities include
non-linearity, stress, displacement and scale dependency.
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These aspects are allowed for in the BB model for predicting
shear strength and stiffness parameters. The model is im-
plemented as the constitutive model of UDEC-BB.

Figure 7 illustrates the BB model predicted contrasting
shear behaviour of the different types of bedding disconti-
nuities and joints as were simulated in the numerical model-
ling study.
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Figure 7. BB model predicted shear behaviour of the differ-
ent types of discontinuities (bedding and joints) present in
the limestone rock mass at the Seven Sisters Mine.

Inspection of Figure 7 shows the contrasting stress strain
behaviour of the weak and compliant B5 layer as compared
with the stiff but brittle behaviour of the limestone-
limestone B1 discontinuities.

4 INTRINSIC STABILITY ASSESSMENT

The mines were ‘designed’ (worked) as conventional room
and pillar openings, albeit strongly influenced by the dipping
sequence. In general, the mine was intended to exploit the
limestone located beneath a generally more competent li-
mestone unit (the Cap Rock’) whilst using the inherent sta-
bility provided by that unit to maximise the as-constructed
spans. The openings were thus excavated as unsupported
openings, relying solely on the intrinsic stability of the rock
mass in the crown and pillars.

As noted in the preceding section, the majority of the open-
ings now illustrate varying degrees of instability and the
mine as a whole has deteriorated significantly with time and
would have continued to do so had it not been backfilled.

In order to assess the degree of stabilisation that may be
required for a given excavation configuration (size, shape),
it is necessary to first understand the intrinsic (inherent)
stability provided by the rock mass. As a first stage assess-
ment, this can be best evaluated in terms of a two dimen-
sional tunnel cross section.

Whilst some factors have a clear influence on stability of
room and pillar openings, such as extraction ratio (i.e. the
ratio of pillar area to area of the openings), several other
factors are equally significant. Of the many factors consi-
dered three were identified as having an overriding influ-
ence on stability, namely:

¢ extent of cap rock that remains in place;

¢ location of weak discontinuities in relation to the open-
ings;

e depth of weathering in relation to the openings.

5 NUMERICAL SIMULATION AND ANALYSIS

The "“Distinct Element Method” (DEM) provides the most
appropriate approach and representative simulation for
analysis of discontinuous rock mass behaviour. The DEM in
rock engineering is implemented by the state-of-art soft-
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ware UDEC and 3DEC, principally developed by Dr Peter
Cundall [1980].

Figure 8. UDEC-BB Model (showing discontinuities only)

Each discontinuity depicted in the semi deterministic geo-
logical model (Figure 6) is explicitly represented in the nu-
merical model in terms of location (relative to the openings
and geological sequence as per Figure 8) and physical prop-
erties via the BB failure criterion.

This approach of combining project specific classifications
with DEM allows the explicit representation of discontinuities
(and lithology) that control and dictate behaviour of the
rock mass. Input parameters were allocated for the full
range of materials and discontinuity types including as fol-
lows:

Range of Limestone types: UCS=15-45 MPa, Tensile
strength = 1.5-5 MPa, c=1.5-5.0 MPa, ¢@=32°-42°, E=8000-
22500MPa, v=0.1-0.2

Bedding discontinuities: the T-u relations were predicted
from the BB model for JRC=5-12, JCS=5-45 MPa, ¢,=18°-
35°. Typical shear strength and stiffness parameters of bed-
ding discontinuities were:

Peak friction angle (Ppeak) = 22° - 50°
Peak shear stiffness (Kss) = 5 - 125 MPa/m.

6 ENGINEERING ASSESSMENT AND STABILISATION CON-
CEPTS

The use of UDEC provided detailed simulation of the rock
mass as well as representation of a multistaged mining se-
quence.

Engineering evaluation of the results assisted with identifi-
cation of the key mechanisms of instability. Shearing along
bedding resulted in delamination of the bedded rock mass
(Figure 9) and bending under gravity of the separated li-
mestone beds (Figure 10). This resulted in development of
particular loading conditions within the crown beam and the
supporting pillars. The analysis was used to assess the likely
height of delamination and overstressed rockmass above
the crown in order to derive a basis for selecting the length
of rock reinforcement required. Local joint controlled insta-
bility in the pillars (Figure 9) was also highlighted.

Crown deformations resulting from these mechanisms va-
ried depending on depth and extent of weathering. Defor-
mations reached equilibrium, albeit with the crown beam in
an overstressed condition, in all but the uppermost gallery.
In the more weathered southern openings greater deforma-
tion was noted and the model did not reach equilibrium,
inferring collapse was likely in the unsupported state.
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Figure 9. UDEC model output showing Shear displacements
(right lateral in blue, left lateral in red and joint opening in
black). At 5m above crown of Daylight Gallery total dis-
placement approximately 100mm and shear displacements
10mm.

Figure 10. Intrinsic Stability Assessment - Plot showing
deformation (x10) in the unstabilised case (equilibrium not
reached).

surface and from within gallery) deformation (x10)
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A series of engineering measures were designed and im-
plemented in the UDEC models to enhance the existing un-
supported stability state. The measures comprised pillar
strengthening from surface, localised use of bolts and shot-
crete and a cast in situ concrete lining for the southernmost
gallery. Figure 11 shows the stabilising effect of rock rein-
forcement installed from surface and from within applied to
the crown and haunch area.

An architect’s impression of the completed works that would
have allowed public access is shown in Figure 12. Having
narrowly missed winning the People Millions Lottery in 2008
the scheme awaits an alternative source of funding.

Figure 12. Architects impression of the completed works
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Convergence in the Geosciences
Marcia K. McNutt

Abstract

The 21st century presents unprecedented challenges if so-
ciety is to continue to provide abundant energy, water, and
food, and high quality housing and medical care to a grow-
ing global population. Deforestation and aquifer depletion
are at unsustainable rates, and use of fossil fuels is leading
to unprecedented climate change. Geoscientists can con-
front these challenges by expanding partnerships with other
disciplines. “Convergence,” the integration of engineering,
physical sciences, computation, and life sciences to benefit
health, energy, and the environment, has been successfully
developed for biomedical research. It is time for the geos-
ciences to embrace convergence, as our future depends
upon it.

Suppose on your annual visit to your doctor's office, your
doctor diagnosed you with some dreadful, life-threatening
disease, and then sent you home to die. You would probably
be very disappointed with that doctor and perhaps with the
entire medical establishment. In fact, the reason why the
National Institutes of Health has enjoyed such broad, bi-
partisan support for its budget is not just because the bio-
medical research community has advanced the diagnosis of
ailments substantially (which it has), but also because it has
delivered cures for those ailments, or at least the hope of a
longer, more productive life.

By analogy, our planet is the patient of the geoscientists,
and for the most part the diagnoses have only become in-
creasingly dire as to the many afflictions that jeopardize the
quality of life of humans on Earth. No wonder many have
grown weary of bad news. Consequently, the geosciences
have been under siege, singled out for special congressional
oversight and targeted for budget cuts. Consider instead the
very different situation if in addition to providing the diag-
noses, the geoscientists also put forth practical, affordable
solutions that society readily embraces. For this to happen,
geoscientists should take a page out the biomedical play-
book and embrace convergence.

Convergence has its roots in the early part of the 21st cen-
tury in a proposal that collaboration between nanotechnolo-
gy, biotechnology, information technology, and cognitive
sciences would help improve human performance [Roco and
Bainbridge, 2002]. This model was embraced and imple-
mented in the biomedical sciences with the goal of making
health care more affordable. Biomedical researchers had
their basic paradigms in place to guide them for how the
major systems in the body work and the tools to explore
those systems. But they needed to provide more affordable
solutions to a host of afflictions in the face of rising health
care costs. By working with engineers, physical scientists,
and computational experts biomedical researchers brought
multidisciplinary systems thinking and analysis to solve
complex problems in creative new ways [Lane, 2011]. In a
similar vein, geoscientists have good models for Earth's
primary systems and excellent tools for probing them. What
we need are the partnerships with the life science communi-
ty to find holistic solutions for a living planet that benefit
from advances in biotechnology, with the engineering com-
munity to apply innovative solutions to major challenges,
with economists to ensure that those solutions are afforda-
ble, and with social scientists to understand the barriers to
human acceptance of new directions.

Convergent approaches to problem solving go beyond inter-
disciplinary research. Investigators collaborating on an in-
terdisciplinary project generally reside in disciplinary de-
partments; whereas, convergent research is accelerated
because the collaborating researchers are housed in insti-
tutes dedicated to convergence. Their students are trained
in highly complex, multidisciplinary problem solving, rather

than just taking a course or two beyond their major field.
Special funding devoted to convergence research avoids the
double or triple jeopardy when investigators from different
fields must apply to their disciplinary panels for funding in
order to collaborate.

Convergent-like approaches have been introduced to the
geosciences, especially in confronting natural disasters. For
example, the remarkable reduction in earthquake fatalities
in nations such as Japan, Chile, and the United States is the
result of convergent-like research partnerships between
geologists, seismologists, earthquake engineers, architects,
social scientists, and public officials. These partnerships
have resulted in improved maps of earthquake risk areas,
estimates of strong ground motion, engineering designs for
earthquake resistant structures, and revised building codes
compliant with those designs. The Southern California
Earthquake Center has been devoted to this type of re-
search through the National Science Foundation's Science
and Technology Centers funding program.

Many other topics in the geosciences would benefit from
convergent approaches. For example, consider the issue of
environmental health. More than ten million people die an-
nually from environmental factors, and the most common
problems are air, water, soil pollution, and chemical expo-
sure. Current approaches to addressing these issues are
generally costly and disruptive. Cleaning badly contami-
nated soil involves excavation and incineration, at the cost
of $1500 per ton or $26 million per Superfund site. In too
many cases the responsible party is no longer in a position
to fund the costs, so they fall to the taxpayer. Usually the
best and cheapest approach is to prevent the contamination
from happening in the first place, hence involving the input
of industrial process engineers working with economists and
environmental scientists. When that is not an option, other
solutions are to limit exposure to vulnerable populations or
improve the public health response for those who have been
affected. These solutions require the collaboration of envi-
ronmental toxicologists, microbiologists, hydrologists, public
health professionals, and psychologists.

There is every reason to believe that engineers will be ready
and willing to partner in addressing geoscience issues. The
National Academy of Engineering has launched the Grand
Challenges in Engineering program
(http://www.engineeringchallenges.org), a commitment to
prepare 20,000 new engineers with societal aspirations.
Several of the current themes are relevant to the solutions
that geoscientists seek: access to clean water, manage the
nitrogen cycle, develop carbon sequestration methods, and
make solar energy affordable. The program has expanded
internationally through partnerships with the Chinese Acad-
emy of Sciences and the British Royal Society.

There have been some notable institutions already estab-
lished on convergent themes. For example, the Earth Insti-
tute at Columbia University blends research in the physical
and social sciences with education to find practical solutions
for a more sustainable world. The institute includes experts
in geoscience, law, public health, public policy, and busi-
ness. The Broad Institute, founded jointly by MIT and Har-
vard to advance treatment of human disease, has put a
higher premium on technology and collaboration with engi-
neers. Geoscientists need to be open to partnerships with
both social scientists and engineers. Convergent science is
more likely to thrive if dedicated funding streams prevent
collaborators from having to submit separate grant propos-
als, if university administrators develop policies that en-
courage convergent research, if promotion and tenure poli-
cies recognize these contributions, and if students are edu-
cated in complex, system-level problem solving.

If more geoscientists started working in this matter, what
outcomes might ensue? At the very least, new partnerships
will arise between dissimilar disciplines, and new career
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paths will emerge for students. We might find new indus-
tries clustered around convergence institutes in the geos-
ciences. My hope is that geosciences will be increasingly
perceived as contributing to competitiveness, resiliency,
health, and quality of life, and thus widely viewed as part of
the solution, not part of the problem.
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Monitoring the Victoria Station upgrade

London Underground’s Victoria station is at the heart of
London’s transport network. Currently undergoing over
£700m of capacity enhancement improvements and with
the North ticket hall now open, discover how specialist con-
tractor ITM Monitoring has closely measured every millime-
tre of construction movement.

London Victoria upgrade: 3d modelling and close monitoring
for movement was paramount

Used by over 80 million passengers each year, Victoria Sta-
tion is one of London's busiest stations. Over the previous
five years main contractor Taylor Woodrow BAM Nuttall 1V
(TWBN) has begun to provide improvements to the station’s
capacity, reduce passenger journey times, provide step free
access and improve emergency evacuation.

Major works include:

e A new underground north ticket hall at the junction of
Bressenden Place and Victoria Street, with an entrance
at street level

e Doubling in size of the existing Victoria line ticket hall
(south ticket hall)

e 400m of new interchange tunnels, connecting the south
and north ticket halls and the District & Circle line plat-
forms

e Full modernisation of the existing station areas including
nine new escalators and seven new lifts to provide step
free access between street, ticket hall and Victoria line
platform levels

e Improved access and new lifts between the National Rail
and Victoria line platforms and between the Victoria line
and District and Circle lines platforms

In close proximity to existing London Underground (LU)
assets, listed buildings, sewers and an interminable flow of
passengers, the Victoria Station upgrade posed a significant
challenge to the project team and required a comprehensive
movement monitoring system, delivered by ITM.

Monitoring that informs the construction process

LU's primary objective in delivering station upgrade
schemes is to maximise value across the project from de-
sign to delivery. With experience gained on the Channel
Tunnel rail link, Green Park step free access and numerous
LU projects, ITM was well-placed to ensure LU’s ambitious
targets were accomplished using a value-engineered design.

The monitoring instrumentation and monitoring contract
was procured and is being delivered in stages. With first-
hand experience of managing NEC3 contracts, ITM complied
rigorously to the construction, design and management
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(CDM) regulations required by the project and worked
closely with both TWBN and LU.

Surrounding buildings were closely monitored using Robotic
Total Stations

Stage One saw ITM contribute to the completion of detailed
station design. “ITM were employed directly by London Un-
derground to install monitoring equipment and record base-
line data to establish how the local infrastructure was react-
ing to ambient conditions such as seasonal change. This
allowed a clear understanding of movement actually in-
duced by the subsequent station upgrade works," com-
ments David Smith, senior construction manager for London
Underground.

Substantial traditional surveying and 3D laser scanning
works were undertaken of all above and below ground
structures providing LU with an accurate 3D representation
of the site and adjacent structures to facilitate the creation
of a an integrated BIM model. Provision of the model data
allowed the project team to design the works from a 3D
perspective leading to clash avoidance.

With secant piles forming the walls of the north ticket hall
within 3m of a Victorian culvert carrying the River Tyburn;
the passenger tunnel linking the north ticket hall to the Vic-
toria line passing under the culvert and skirting over the top
of the southbound Victoria line platform tunnel; and an ad-
ditional escalator squeezing between the twin bores of the
Victoria line north and southbound platform tunnels with a
mere 300mm clearance, having a spatially accurate and
fully co-ordinated 3D model was paramount to construction

success.

Passenger tunnel linked the north ticket hall to the Victoria
line

Robust monitoring system needed

The early partnership between LU and ITM provided a
wealth of background movement monitoring data of the
third party structures and LU assets within the zone of in-
fluence of the works. As the project progressed through to
construction, TWBN were able to use ITM’s monitoring data
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to address key challenges such as tunnelling in shallow wa-
ter-bearing ground in the paid area links (PALS) tunnels.

TWBN and designer Mott MacDonald utilised precision jet
grouting as the ground treatment method for the PALS tun-
nel works. This process involved installing over 2,000 col-
umns of jet grout into the ground, forming a wall of weak
concrete which could be mined through to create the tun-
nels.

Close proximity to an urban environment meant the interac-
tion between the jet grouting with existing basements,
foundations, utilities and tube tunnels needed a robust
monitoring system. The surrounding buildings were closely
monitored using Robotic Total Stations (RTS), prisms and
back-up manual monitoring.

Below ground saw the installation of precise liquid-levelling
cells in a number of building basements, accurately moni-
toring vertical movement in near real-time during this criti-
cal stage of the project.

LU commented: “The initial installation was successfully
completed including an innovative rope access approach to
high level installation. The work involved installing equip-
ment in and on existing buildings which was managed well,
interfacing with stakeholders and avoiding conflict."

Instrumentation and data visualisation

Monitoring the vast assets across the project required over
20 different sensor types, installed either above or below
ground, to accurately monitor all movement throughout the
programme of works.

ITM’s approach supplemented an optical monitoring system
with the use of Basset convergence strain gauge rings to
overcome a problem with optical refraction caused by tem-
perature gradients in the Victoria line running tunnels. In
addition to these, the RTS and prisms, as well as continuous
electrolevel beams, monitored 3D tunnel settlement, rota-
tion and ovalisation.

Borehole instrumentation such as biaxial horizontal in-place
inclinometers (IPIs) and Multi Point Borehole Extensometers
(MPBX) were fitted to monitor changes in subsurface ground
movements such as settlement and heave.

Above ground, liquid levelling cells, water level loggers,
vibration monitors, piezometers and inclinometers were
installed, to name a few. An additional 200 prisms were
installed and read by seven RTS to accurately monitor the
surrounding buildings, a number of which had listed fa-
cades.

The 3D coordinate positions of the prisms were read by
networked total stations hourly, with each unit linked to a
data logger housing a GPRS/3G modem for remote data
transmission and control.

ITM use their in-house Star*Adjust™ software to implement
a precise least-squared network adjustment to correct for
any movement of the RTS themselves due to construction
works.

Data visualisation through Argus, now superseded by ITM’s
Calyx OMS software, houses all manual and automatic mon-
itoring data generated across the site, providing a central
repository for the project.

The web-based software is designed for assisting with inter-
pretation of large amounts of instrumentation data and is
accessible to the project team 24 hours a day. It provides
continual monitoring of site conditions, offering status up-
dates for each sensor and information on whether that sen-
sor is currently in alarm.
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Monitoring data better informed construction decisions sav-
ing time and labour

Delivering a world class station in the nation’s capital

Using monitoring data to better inform construction deci-
sions provides LU with a value-engineered station upgrade,
TWBN with a successful project and passengers with a ser-
vice throughout the construction process.

The monitoring data gave TWBN the ability to refine a num-
ber of construction designs and techniques, resulting in sig-
nificant savings in time and labour.

To undertake extremely complex civil engineering work
safely and without incident, despite a highly congested con-
struction zone with live rail traffic and heavy pedestrian
footfall, is no small endeavour.

The team at VSU have been commended for their efforts
with the project winning the ‘Tunnelling Project of the Year’
at the 2014 NCE / ITA Tunnelling Awards, ‘Complex Infra-
structure’ category at the 2016 ICE London Civil Engineer-
ing awards, as well as ‘Specialist Tunnelling Project of the
Year’ at the 2016 NCE Tunnelling Awards.

ITM are proud to be a significant part of this project, deli-
vering step free access to Victoria underground station for
the first time in its 157 year history.

Find out more: Follow the VSU story and download the case
study at: http://www.itmmonitoring.com/projects/victoria-

station-upgrade/

(Rhiannon Walker / Business Development Manager, ITM
Monitoring / ICE, 08 March 2017,
https://www.ice.org.uk/disciplines-and-resources/case-
studies/monitoring-the-victoria-station-

up-

grade?utm source=Communicator&utm medium=email&ut
m_content=ITM&utm_campaigh=ICE+Events+-
+Knowledge+Newsletter+MAR+-+15%2f03%2f2017+-

+Copy& ccCt=E7EEgsnYueDz4HI86Hp81Dx711817f0 EZ72X
ZRFauD5eWIDrP8br7BLdDPXG0SX)
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F’EQTEXNIKEZ ENQZEI2

Imperial College Geotechnics PhD Alumni Event

Instigated by the current research group of the Geotechnics
Section at Imperial College London, the inaugural Geotech-
nics PhD Alumni gathering took place on March 14th 2017.
Around 50 former PhD researchers were welcomed back to
the Department of Civil and Environmental Engineering by
the current research group and academic and technical staff
from Geotechnics. The earliest PhD graduation at the event
was 1973!

Supported by a few drinks and some food, memories
flooded back, creating laughter and enjoyment of being
together again and catching up with what has happened
since. For current students it was an excellent opportunity
to show off their research posters and talk to previous gen-
erations whose names cover numerous theses and research
papers.

Dr. R. Monroy Dr. A, Minh

B 01 pio B 0 . v P
- >

Strong encouragements that we received to make this a
regular event was a sure sign of a successful and pleasant
evening, which people did not hurry to leave even when
drinks ran out! We have every intention of repeating this
gathering at some frequency, and will inform our alumni
well in advance. We also acknowledge the support we re-
ceived for this event from the Imperial’s Graduate School.
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NMPOZEXEIx
FEEQTEXNIKEz
EKAHAQZEIZ

Ma TIC NaAAIOTEPEG KATAXWPNOEIG NEPICOOTEPEG NANPOPOPI-
€G pnopoUv va avalntnouv oTta nponyoUueva TeUXn Tou
«replodikoU» Kal OTIG NapaTiBEPEVEG I0TOTEAIDEG.

Shallow geothermal energy for buildings and infrastructure,
themed issue of Environmental Geotechnics,
sam.hall@icepublishing.com.

ICTUS17 The 2017 International Conference on Tunnels and
Underground Spaces, 28 August 2017 - 1 September 2017,
Seoul, Korea, www.i-asem.org/new conf/asemi17.htm

International Symposium on Coupled Phenomena in Envi-
ronmental Geotechnics, 6-8 September 2017, Leeds, United
Kingdom, http://tinyurl.com/cpeg2017

Brownfield Risk Assessment & Remediation, 13-14 Septem-
ber 2017, London, United Kingdom,
https://brownfieldbriefing.com/risk-remediation-
20177?Is=Ink

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

AGS GEOTECHNICAL DATA CONFERENCE 2017 Best Prac-
tice, Challenges and Future, 20" September 2017, Birming-

ham, U.K., ags@ags.org.uk

IICTG 2017 Conference “ICT — Past and Future”, September
26+28, 2017, Minneapolis, Minnesota, USA,
www.iictg.org/2017-conference

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

HYDRO 2017 Shaping the Future of Hydropower, 9-11 Oc-
tober 2017, Seville, Spain, hydro2017@hydropower-
dams.com

GeoAfrica 2017 3rd African Regional Conference on Geosyn-
thetics, 9 - 13 October 2017, Morocco,
http://geoafrica2017.com

30 MaveAAfvio Zuvedpio ®paypdTwyv Kal TaulieuThpwy - Ala-
xeipion '‘Epywv kal MpoonTikeg AvanTtuéng, 12 - 14 OkTwppi-
ou 2017, ABnva, www.fragmata2017.gr

4th International Conference on Long-Term Behaviour and
Environmentally Friendly Rehabilitation Technologies of
Dams, 17-19 October 2017, Tehran, Iran,
www.ltbd2017.ir/en

The 15th International Conference of International Associa-
tion for Computer Methods and Advances in Geomechanics,
19-23 October 2017, Wuhan, Hubei Province, China,
www.15iacmag.org
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XIII International Conference “Underground Infrastructure
of Urban Areas 2017”, 24-26 October 2017, Wroclaw, Po-
land, http://uiua.pwr.edu.pl/?lang=en

SIFRMEG 2017 Shaoxing International Forum on Rock Me-
chanics and Engineering Geology, October 28-29, 2017,
http://forum.hmkj.com.cn/index.php/Index/show/tid/20

110 Zuveédpio «EAAnvikn Mwooa kar OpoAoyia», 9-11 No-
€uBpiou 2017, ABriva, www.eleto.gr/gr/Conferencel1.html

o3 O

www.undergrounduae.igpc.ae

The #1 meeting place for geotechnical experts and
underground engineers in the Middle East

Join us this 13 - 14 November in Dubai, UAE, at the 4th
Underground Infrastructure & Deep Foundations Middle East
Conference and Awards, as we gather the foremost experts,
engineers, subject matter experts and solution providers to
share best practice, project insight and new technologies.
Delivered through a series of case studies, panel discussions
and workshops from regional and international profession-
als, this is the leading event for the underground and deep
foundations community in the Middle East.

The UAE remains a prime market opportunity with billion-
dollar construction projects on the way. To support new
developments like the Dubai metro extension or construc-
tion of a sewage system, it is fundamental for the UAE to
put in place the best piling and foundation structures and
have the most efficient methodologies to create robust un-
derground infrastructure. However, when it comes to con-
structing alongside existing buildings and infrastructure,
project owners, geotechnical contractors and consultants
are facing tough challenges, such as waterproofing, insula-
tion, corrosion, and site investigation accuracy issues. The
4th Underground Infrastructure and Deep Foundations Con-
ference will address main geotechnical challenges and illu-
strate latest solutions to develop the deep foundation and
tunnelling innovations.

This year’s conference will bring together regional and in-
ternational professionals from the following departments:

e Ground Engineering

e Design Engineering

e Civil Engineering of Structural Engineering/Infrastructure
e Planning Drainage Sewage

e Infrastructure, Utilities

e Water Networks

For general enquiries:

Tel: 971 4 364 2975
Email:enquiry@igpc.ae
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PARIS 2017 AFTES International Congress "The value is
Underground”, 13-16 November 2017, Paris, France,
www.aftes2017.com

2nd International Conference “Challenges in Geotechnical
Engineering” 2017 20-23 November 2017, Kyiv, Ukraine,
www.cgeconf.com/en

2nd International Symposium on Asia Urban GeoEngineer-
ing, 24-27 November 2017, Changsha, China,
hwww.isaug2017.org

ASIA 2018 Seventh International Conference and Exhibition
on Water Resources and Renewable Energy Development in
Asia, 15 March 2018, Danang, Vietnam,
www.hydropower-dams.com/asia-2018-

conference.php?c id=303

World Tunnel Congress 2018 "The Role of Underground
Space in Future Sustainable Cities", 20-26 April 2018, Du-
bai, United Arab Emirates, www.wtc2018.ae

EUROCK 2018 Geomechanics and Geodynamics of Rock
Masses, 22-26 May 2018, Saint Petersburg, Russia,
www.eurock2018.com/en

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

www.16ecee.org

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

www.cptl8.org

NUMGE 2018 9th European Conference on Numerical Me-
thods in Geotechnical Engineering, 25-27 June 2018, Porto,
Portugal, www.numge2018.pt

RockDyn-3 - 3rd International Conference on Rock Dynam-
ics and Applications, 25-29 June 2018, Trondheim, Norway,

www.rocdyn.org

GeoChine 2018 - 5th GeoChina International Conference
Civil Infrastructures Confronting Severe Weathers and Cli-
mate Changes: From Failure to Sustainability, July 23-25, ,
HangZhou, China, http://geochina2018.geoconf.org

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

SAHC 2018 11th International Conference on Structural
Analysis of Historical Constructions "An interdisciplinary
approach", 11-13 September 2018, Cusco, Per®r
http://sahc2018.com

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

CHALK 2018 Engineering in Chalk 2018, 17-18 September
2018, London, U.K., www.chalk2018.org

ARMS10 - 10th Asian Rock Mechanics Symposium, ISRM
Regional Symposium, 29 October - 3 November 2018, Sin-

gapore, www.arms10.org

WTC2019 Tunnels and Underground Cities: Engineering and
Innovation meet Archaeology, Architecture and Art
and ITA - AITES General Assembly and World Tunnel Con-
gress, 3-9 May 2019, Naples, Italy, www.wtc2019.com
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7 ICEGE 2019

International Conference on Earthquake
Geotechnical Engineering
17 - 20 June 2019, Rome, Italy

Organizer: TC203 and AGI (Italian Geotechnical Society)
Contact person: Susanna Antonielli

Address: AGI - Viale dell' Universita 11, 00185, Roma, Italy
Phone: +39 06 4465569

Fax: +39 06 44361035

E-mail: agi@associazionegeotecnica.it

O3 D

ISDCG 2019

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

The Technical Committee 101 of the ISSMEG is pleased to
announce the organisation of the 7™ International Sympo-
sium on Deformation Characteristics of Geomaterials
(ISDCG) in 2019, in Glasgow, UK. The symposium is co-
organised by the University of Strathclyde in Glasgow, the
University of Bristol, and the Imperial College in London.

Building on the success of the previous Symposia organised
in Sapporo (Japan) Japan in 1994, Torino (Italy) in 1999,
Lyon (France) in 2003, Atlanta (US) in 2008, Seoul (Korea)
in 2011 and Buenos Aires (Argentina) in 2015, the 7
ISDCG will equally follow both its traditions and active pro-
motion of new technical elements to maintain it as one of
the most popular and vibrant events within the geotechnical
community. The technical core themes will focus on: (i)
advanced laboratory geotechnical testing; (ii) application of
advanced laboratory testing in research, site characterisa-
tion, and ground modelling; (iii) application of advanced
testing to practical geotechnical engineering. In addition to
these traditional topics, sub-themes will include cutting-
edge techniques and approaches, for example experimental
micro-mechanics, non-invasive monitoring systems, nano
and micro-sensors, new sensing technologies. A key goal is
to engage with the full spectrum of geotechnical specialists,
from early career engineers and researchers through to
world leading experts.

O3 D
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14th ISRM International Congress
20-27 September 2019, Foz de Iguacu, Brazil

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

o3 D

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
these. Geotechnical means and solutions are required to
ensure 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 Confe-
rence 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, know-
ledge and experience. Investment in quality geotechnical
work is required for successful and safe design, construction
and operation of any infrastructure. Geotechnical engineer-
ing is the key to a safe and sustainable infrastructure and of
importance for the society, economy and the environment.
This must be emphasized and reported upon.

o3 O

XVI Asian Regional Conference on
Soil Mechanics and Geotechnical Engineering
21 - 25 October 2019, Taipei, China

o3 D
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XVI Panamerican Conference on Soil Mechanics
and Geotechnical Engineering
18-22 November 2019, Cancun, Quintana Roo, Mexico
http: anamerican2019mexico.com/panamerican

Technical program

1A - Transportation geotechnics.

1B - In situ testing.

1C - Geo-engineering for energy and sustainability.
1D - Numerical modelling in geotechnics.

1E - Foundations & ground improvement.

1F - Unsaturated soils.

1G - Embankments, dams and tailings.

1H - Excavations and tunnels.

1I - Geo-Risks.

Contact Info

Blvd. Kukulkan Km 17, Zona Hotelera,

77500 Cancun, QROO

Tel (+(52) 1 55 5677-3730, +(52) 1 55 5679-3676
Iberostar: 01 800 849 1047
info@panamerican2019mexico.com
chat@panamerican2019mexico.com

O3 D

Nordic Geotechnical Meeting
27-29 May 2020, Helsinki, Finland

Contact person: Prof. Leena Korkiala-Tanttu
Address: SGY-Finnish Geotechnical Society,
Phone: +358-(0)50 312 4775

Email: leena.korkiala-tanttu@aalto.fi
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ENAIAGEPONTA
FEEQTEXNIKA NEA

Katéppeuoe oTn 6GAacoa To nepipnuo
«FaAadio Napabupo>» TnG MaArag

'Evag Bpaxwdng oxnuaTiondg oto vnaoi Gozo, nou poialel he
ayida Kal eP@avioTnKe 0 AUETPNTA TOUPIOTIKA (PUAAAGdIa
TnG MAATag, kaTéppeuae onpepa oTn Balaoaa.

O1 yewAoyol ixav ano kaipd nposidonoifagsl 0TI 0 oxnuari-
OHOG TWV Bpaxwy, oTn BOPEIOSUTIKN AKTR TOU PIKpoU vNnaolou
Mkolo, dlaBpwveTal Pe Taxeic pubuoug kal ol apxeg sixav
anayopeuaoel TNV NpooBacn TwV TOUPIOT®V NAVW O AUTOV.

O oxnuaTiopds, yvwaoTog wg Azure Window (FaAddio Mapa-
Bupo) kabwg dnuioupyouos pia awida navw anod Ta yalalia
vepd nou €ival ayannuévog npoopIouog yia Toug OUTEG, Ka-
TéEppeuoe KABwG n MAaATta enAnyn anod o@odprn BaAlaccoTa-
paxr kar BUEAAWJEIG aVELOUG.

(8 MapTiou 2017, http://www.lifo.gr/now/world/136140)

The Azure Window developed through sea and rain erosion
of a cliff face over a period of about 500 years. The arch
was one of Malta's main tourist landmarks, and it was a
popular backdrop in photographs.t! It was included in a
Special Area of Conservation,land in 1998, it was included
on Malta's tentative list of UNESCO World Heritage Sites,
along with the rest of Dwejra Bay.

The Azure Window in 2006
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Between the 1980s and the 2000s, parts of the top slab of
the arch collapsed, significantly widening the arch. A large
slab of rock on the outer edge of the cavity collapsed in
April 2012, further increasing the size of the win-
dow. Another rock fall occurred in March 2013. A geological
and geotechnical report was prepared four months later,
and it determined that the arch was "relatively stable and
will continue to remain so for a number of years", although
it warned that rock falls will continue and it might be ha-
zardous for people to go close to the arch.

Further rock falls and fissures were reported in subsequent
years. Fishermen avoided going near the arch with their
boats, and warning signs were put up to discourage people
from walking on top. However, many people still went on
the arch on a regular basis, and videos were uploaded
on YouTube of people cliff diving from the window as rocks
were falling down.

View of the Azure Window in 2009

In December 2016, an emergency order was published pro-
hibiting people from going on the arch, with trespassers
facing a fine of €1500. However, this law was not enforced,
and visitors were still walking on top of the arch days before
it collapsed in March 2017.

In 2012 after the partial collapse
Collapse

The arch collapsed at around 08:40 UTC (09:40 a.m. local
time) on 8 March 2017, after severe storms with gale-force
winds. The pillar supporting the arch collapsed, and the
entire structure crashed down into the sea, with nothing
remaining visible above sea level.

The collapse was reported in both local and international
media. Prime Minister Joseph Muscat and Leader of the Op-
position Simon Busuttil both tweeted about the collapse of
the Azure Window, and it also became the subject of
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many Internet memes on Maltese social media. The Envi-
ronment and Resources Authority called the collapse a ma-
jor loss to Malta's natural heritage.

DEVELOPMENT OF ARCH GEOMETRY

bom Byl e

Geology

The Azure Window was a natural arch with a height of about
28 m (92 ft) and a span of around 25 m (82 ft). It was lo-
cated at the tip of a headland known as Dwejra Point. The
arch was comprised of two types of Lower Coralline Limes-
tone, known as Member A and Member B. Member A formed
the arch's pillar and base, while Member B formed the up-
per layer including most of the unsupported arch.2!

The arch was located close to the Inland Sea, a large circu-
lar sinkhole reached by a small arch that developed along a
joint in the rocks. The Fungus Rock, an islet that was
formed when the bridge of a natural arch collapsed leaving
a stack, is also found nearby. Another natural arch,
the Wied il-Mielah Window, is located about 3.7 km (2.3 mi)
northeast of Dwejra.

https://en.wikipedia.org/wiki/Azure Window
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Norway may build the world's first tunnel for
ships

Stretching over 15 miles, Norway's Leerdal Tunnel has
been the longest road tunnel in the world since it was built
in the 1990s.

Now, the country is trying to construct the world's first tun-
nel for ships — which would see between 70 and 120 ves-
sels per day.

As noted by BBC News, the tunnel started gaining public
support in the 1980s, and the Norwegian Coastal Adminis-
tration (NCA) has since embarked on several feasibility stu-
dies to see how it could be realized.

Terje Andreassen, the tunnel's project manager, tells Busi-
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ness Insider that the NCA will submit its findings to Nor-
way's Department of Transport in May 2017. The project
would need to be fully financed by the Norwegian Parlia-
ment, which has already designated approximately $117
million ($1 billion NOK) for the NCA's research.

S .

—

A rendering of the Stad Ship Tunnel in Norway.

If the plans are approved, construction could start as early
as 2019, Andreassen says.

The NCA worked with Snghetta, an Oslo-based architecture
firm, to create renderings of what the tunnel would look
like. Check them out below.

If Norway's Stad Ship Tunnel gets approved, it would be
located on the Stadhavet Sea, an area known for heavy
winds and hurricanes.

Stormy weather makes it almost impossible for ships to
travel in the area. Vessels often wait for hours or even days
before it becomes safe enough to cross, Andreassen says.
His team at the NCA is conducting research on the feasibili-
ty of building the tunnel.

The Stad Tunnel would allow for safer passage along the
sea, Andreassen says. Here's a rendering of what it would
look like:

From the north, ships would access the tunnel near the
town of Selje. The southern entrance would be through the
Molde fjord, where there would also be a new pedestrian
bridge.

The NCA estimates that the mile-long tunnel would see be-
tween 70 and 120 passenger and freight ships per day. It
would measure 148 feet high and 118 feet wide.
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Various kinds of vessels would pass through it, including
small ferries, which Andreassen says currently can't travel
along the Stadhavet Sea when the weather's bad. All ships
would navigate the tunnel on their own.

If the ambitious project moves forward, the tunnel's con-
struction team would need to drill and blast through rock to
create a channel.

The tunnel would be the first of its kind in the world — but it
wouldn't be cheap. The NCA estimates that its construction
could cost around 2.3 billion NOK, or approximately $267
million.

(Leanna Garfield / BUSINESS INSIDER, Mar. 15, 2017,
http://www.businessinsider.com/norway-worlds-first-
tunnel-for-ships-2017-3/#if-norways-stad-ship-tunnel-gets-
approved-it-would-be-located-on-the-stadhavet-sea-an-
area-known-for-heavy-winds-and-hurricanes-1)
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How To Fix Oroville Dam
California must design a lasting replacement for the
destroyed spillway

On Sunday, Feb. 12, California officials ordered the imme-
diate, mandatory evacuation of 188,000 residents from
towns below the Oroville Dam. Two days later, when federal
and state officials deemed the dam safe, the evacuation
order was rescinded, and people were allowed to return to
their homes. It isn't often that hundreds of thousands of
people in the U.S. have to leave their homes because of
worries about a catastrophic structural failure.

As an experienced civil engineer, I would like to make one
point very clear: Oroville Dam was never in danger of fail-
ing. Because the Oroville Dam crest is 21 ft higher than the
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emergency spillway crest, the dam will never be over-
topped.

After the flow from the main spillway was shut off, con-
struction workers clear the rock debris strewn across the
bottom of the Oroville Dam spillway on February 27, 2017.

But the California Dept. of Water Resources must take this
opportunity to design a lasting replacement for the de-
stroyed spillway. I'll explain why.

Located on the Feather River about 65 miles north of Sac-
ramento, Calif., Oroville Dam is 770 ft high—the nation's
tallest. Unlike Hoover Dam and Glen Canyon Dam, Oroville
Dam is a zoned-earthfill structure.

Water can be released from the reservoir (Lake Oroville)
behind the dam in four ways: power plant, river outlets,
main spillway and emergency, or auxiliary, spill-
way. Because rock debris is damming up the powerhouse
tailrace, the Oroville power plant is out of service. Due to
various operational problems, the river outlets cannot be
used. This leaves only the main spillway and the emergency
spillway to let water out of the lake.

The main spillway is a 3,050-ft-long, concrete-lined chute,
which extends from the flood-control outlet structure down
to the Feather River. The gated headworks at the outlet
structure has eight radial gates to meter water flow into the
spillway chute. The main spillway is rated at 150,000 cubic
ft per second (cfs).

The final component for releasing floodwaters from Lake
Oroville is the emergency, or auxiliary, spillway. This is a
concrete, 30-ft-high ungated overflow weir, with a crest
length of 1,730 ft. When floodwater passes over this weir,
the water tumbles down an unlined slope to the Feather
River.

Heavy Rainfall Spikes Lake Levels

After large storms hit the Feather River tributaries in early
February, Lake Oroville's water levels began rising dramati-
cally. Normally, this doesn't happen until the snow melts
and the spring rains bring additional water into the reser-
voir.

These early thunderstorms had a tremendous impact on the
reservoir behind Oroville Dam. From Feb. 6 to Feb. 11, high
inflows entered Lake Oroville, with four days over 100,000
cfs. On Feb. 8, the reservoir took in a whopping 240,000
acre-feet of water in a 24-hour period. Over the course of
six days, from Feb. 6-11, Oroville Lake levels rose 52 ft!

On Feb. 11, the lake rose 3 ft, and water started flowing
over the emergency spillway shortly after 8:00 a.m. This
was the first time that water had moved over the emergen-
cy spillway since 1967, when the Oroville Dam was
built. Water continued flowing over the emergency spillway
until 8:00 p.m. on Feb. 12.
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The California Dept. of Water Resources estimates that
about 6,000 to 12,600 cfs of water passed over the emer-
gency spillway on Saturday, Feb. 11, and Sunday, Feb.
12. When compared with the main spillway releasing
100,000 cfs, this is a drop in the proverbial bucket.

EMERGENCY
SPILLWAY

Lake Oroville

Rock and concrete

River blocked

POWER STATION
(Disabled)

A relocated main spillway could be inserted between the
existing spillway and the dotted lines in this simplified plan
view of the dam and related structures.

As the water made its way down the steep slope to the
Feather River, significant erosion took place. Huge canyons
were carved out of the hillside, and sections of the boat-
ramp access road were destroyed.

The Spillway Problems

Of particular concern was the erosion that took place at the
toe of the emergency spillway. After the emergency spillway
stopped flowing, engineers could assess the damage that
took place on Saturday and Sunday. Holes near the 30-ft-
high emergency spillway were readily apparent.

Some people feared that this concrete weir would be un-
dermined and fail, thereby releasing a 30-ft-high wall of
water onto the towns below the dam. This is why the au-
thorities called for the immediate and mandatory evacua-
tion.

Since Feb. 12, contracting crews have been working around
the clock to place rock and concrete over the affected
areas. Workers are placing rock with trucks, loaders and
excavators. After the rock is deposited, transit-mix concrete
trucks deliver concrete for placement by multiple truck-
mounted boom concrete pumps.

In a questionable practice, workers loaded bags with small
rocks or sand and flew these bags into place with helicop-
ters. Even though concrete was placed around the rock
bags, these bags may not have survived the rushing water.

With several helicopters shuttling back and forth from the
loading area to the deposit areas, it looked more like a Hol-
lywood movie set than a serious spillway repair effort!

The problems with the main spillway were brought to light
on Feb. 7, when a large hole appeared in the spillway's con-
crete slab, near the location of an earlier patch job. By
Feb. 10, the spillway crater had grown to 500 ft long x 300
ft wide x 45 ft deep.
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In the process, the concrete side wall collapsed and was
washed away. As the crater got larger, more and more wa-
ter shot out of the spillway and carved a new canyon, carry-
ing the water down to the Feather River. Depending on the
flow volume, most of the water leaves the spillway chute at
the location of this large crater; very little water stays in the
chute until the lower end.

What caused the failure of the main spillway's concrete
slab?

Main Spillway Solutions

On Feb. 14, I sent a letter to the Dept. of Water Re-
sources in which I suggested that the concrete in the main
spillway's chute had been destroyed by powerful "cavita-
tion" forces. Cavitation can occur in spillways and tunnels
when high-velocity water encounters irregularities in the
concrete surface. At these locations, cavitation creates high-
pressure shock waves that are capable of destroying solid
concrete. Proper aeration of the water flow can minimize
the harmful effects of cavitation.

The department should immediately design the main spill-
way's replacement so that construction can take place this
summer, during the low-flow season. The department has
placed the rebuilding cost of the main spillway at about
$100 million to $200 million.

Besides tough site conditions, the biggest obstacle could be
the need to handle the main spillway's water flows during
construction. How will the contractor divert 60,000 to
100,000 cfs of high-velocity water around the repair site
during construction? Because this will be extremely difficult,
construction must be pursued on a 24/7 basis to accomplish
all the work in the dry season.

A logical alternative is to design a new main-spillway chute
to replace the 50-year-old spillway. Of course, anti-
cavitation measures would be incorporated into the new
design, along with new energy-dissipation features at the
Feather River (possibly a flip bucket and stilling basin).

The new spillway chute would have an alignment almost
parallel with the existing spillway, a short distance to the
northwest. Most of the construction work could be accom-
plished even if the existing spillway has to carry wa-
ter. When the new spillway chute is built, it will be tied into
the existing spillway, near the gated headworks, with a
training wall at a very shallow angle.

On Feb. 27, the Dept. of Water Resources shut off the flow
of water in the main spillway to allow workers to clear rock
and concrete debris from the Feather River, allowing for
the partial operation of the powerhouse turbines. With no
water flowing, people could see how rushing water can ut-
terly destroy a weakened concrete spillway. Roughly half
the spillway's length has been reduced to short stretches of
concrete, rubble and huge canyons.

This makes total replacement of the main spillway in a new
location even more attractive—and that is the course of
action I urge the department to take.

Henry W. Burke, BSCE and MSCE, a former employee of
Kiewit Corp., is a civil engineer with extensive knowledge of
heavy construction. He is based in Omaha, Nebraska and
can be reached at hwburke@cox.net.

(Henry W. Burke / ENGINEERING NEWS-RECORD, March
19, 2017, http://www.enr.com/articles/41664-how-to-fix-
oroville-dam)
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A section of the San Andreas fault close to L.A.
could be overdue for a major earthquake

A new study has found that an-
earthquake could be due along the

Grapevine north of Los Angeles, =

Researchers say the land has been pushing at a rate of
more than 1 inch a year since 1857. (March 7, 2017)

Southern California could be overdue for a major earth-
quake along the Grapevine north of Los Angeles, according
to a sobering new study by the U.S. Geological Survey.

The research found earthquakes happen there on average
every 100 years. The last major temblor occurred 160 years
ago, a catastrophic geological event that ruptured an asto-
nishing 185 miles of the San Andreas fault.

The land on either side of the fault has been pushing
against the other at a rate of more than 1 inch a year since
1857, the researchers said, accumulating energy that will
be suddenly released in a major earthquake, when the land
along the fault would move by many feet.

“So you expect that amount of accumulation of energy will
be released in the future in a large-magnitude rupture,
somewhere along the San Andreas,” said the lead author of
the study, USGS research geologist Kate Scharer.

A repeat of the 1857 earthquake could damage aqueducts
that ferry water into Southern California from the north,
disrupt electric transmission lines and tear up Interstate 5,
whose Grapevine section runs on top of the San Andreas
fault at Tejon Pass.

Quake study site

Dlatimesgraphics, Mapzen, OpenStreetMap

Scientists observing trenches at this site discovered that
earthquakes on this section of the San Andreas fault oc-
curred on average once every 100 years.

Central Los Angeles could experience a couple of minutes of
shaking, which could feel like a lifetime compared with the
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1994 Northridge earthquake, which shook for roughly 15
seconds.

“This would be more broadly felt across the basin,” Scharer
said. “It would impact our ability to be a world-class city.”

There has been a long drought of major earthquakes on the
southern San Andreas fault, which has slowly been accumu-
lating strain as the Pacific plate grinds northward against
the North American plate. The seismic stress has been
building up without relief since the presidency of Franklin
Pierce.

The quake will probably be something few Southern Califor-
nians have ever experienced. Of the 10 earthquakes Schar-
er and her colleagues found in the past 1,200 years, the
most common magnitude was about magnitude 7.5.

Such an earthquake would tear up land along the fault’s
length and displace it by an average of 9 feet.

The site studied by Scharer and her colleagues is next to
Frazier Mountain at the top of Tejon Pass, close to the
meeting point of Los Angeles, Ventura and Kern counties.
Unlike other sections of the southern San Andreas, this re-
gion — about a 100-mile section of the fault — had not
been studied in detail before, and scientists did not know
what earthquakes occurred there before the 19th century.

Frazier
Mountain
siter

LA
basin

N

—
50 KILOMETERS

Image showing the location where scientists studied a sec-
tion of the San Andreas fault, identified by the red line, and
found that earthquakes there happened on average once
every 100 years. The most common earthquake found was
magnitude 7.5. (USGS)

So Scharer and other scientists undertook the most inten-
sive study of its kind in this section of the San Andreas
fault, where researchers could hear the roar of traffic from
Interstate 5. Trenches were dug deeper than ever before at
this location to better understand the history of earthquakes
there.

“To get 1,200 years of records, we have to do lots of exca-
vations and go quite deep,” Scharer said.

They found 10 major earthquakes over a 1,000-year period.
But “it doesn’t happen like clockwork,” Scharer said. There
was once a gap of only 20 years between two major
quakes. On the other end, there was a gap of about 200
years between quakes.

So while this part of the San Andreas fault could be overdue
for a large earthquake, it’s also possible it could be decades
longer before the Big One strikes. Of the identified gaps
between earthquakes, three took longer than 160 years to
strike this part of the San Andreas again.

“Longer gaps have happened in the past, but we know they

always do culminate in a large earthquake. There’s no get-
ting out of this,” Scharer said.
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There was one possible silver lining. The most common
magnitude they found at this site, 7.5, means that the 7.9
earthquake experienced in 1857 was unusually strong.

In fact, of the newly discovered earthquakes, there was
only one other estimated at 7.9 — one that struck around
1550.

The conclusion that 7.9 earthquakes there are relatively
rare could be good news, said Caltech seismologist Egill
Hauksson, who was not involved in the study.

Image showing San Andreas fault (USGS)

“That means it released a lot of energy on the fault,”
Hauksson said of the 1857 temblor. It also could explain
why the southern San Andreas fault has been so quiet since
then.

The difference between a 7.5 and a 7.9 earthquake is signif-
icant, Scharer said. A 7.5 earthquake produces roughly 15
times less energy than a 7.9. And while a 7.5 earthquake
displaces land along the fault by an average of 9 feet, the
bigger earthquake moves land by 20 feet.

“A road can handle a couple of feet of displacement,”
Scharer said, “but when you start to get into a dozen feet,
it's a real challenge.”

The study was published online Thursday in the Journal of
Geophysical Research, a publication of the American Geo-
physical Union.

The 1857 quake was so powerful that the soil liquefied,
causing trees as far away as Stockton to sink. Trees were
also uprooted west of Fort Tejon. The shaking lasted one to
three minutes.

The San Andreas fault is 30 miles from downtown Los An-
geles, but big earthquakes on the San Andreas fault are
expected to heavily shake the nation’s second largest city.

The simulated shaking from a possible magnitude-8 earth-
quake on the San Andreas fault. (Southern California Earth-
quake Center)
https://www.youtube.com/watch?v=V20w0Yuv5co
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A simulation of a possible magnitude 8 unzipping from Mon-
terey County into L.A. County shows heavy shaking waves
reverberating across a wide swath of the Los Angeles Basin
and nearby valleys, whose soft soils can trap shaking ener-
gy like Jell-O.

Because the 1857 quake hit when the population was so
small, only two people were killed.

Other parts of the San Andreas fault could also rupture.
Further southeast of the Cajon Pass, such as in San Bernar-
dino County, the fault has not moved substantially since an
earthquake in 1812, and further southeast toward the Sal-
ton Sea, it has been relatively quiet since about 1680 to
1690.

“The springs on the San Andreas system have been wound
very, very tight,” Thomas Jordan, director of the Southern
California Earthquake Center, said at an earthquake confe-
rence last year, adding that the southern San Andreas is
“locked, loaded and ready to roll.”

In 2008, the U.S. Geological Survey simulated a magnitude
7.8 earthquake on the southern San Andreas that would
begin at the Salton Sea and spread west toward the San
Gabriel Mountains in Los Angeles County. Such a quake
could cause more than 1,800 deaths, 50,000 injuries, $200
billion in damage and severe, long-lasting disruptions.

The collapse of five high-rise steel buildings, with 5,000
people inside them, was seen as possible in this USGS sce-
nario, as would be the destruction of 50 concrete buildings;
800 people might be in completely collapsed concrete build-
ings, and 7,000 more in those that partially collapsed.
About 900 brick buildings could be irreparably damaged.

Some cities, like Los Angeles and Santa Monica, have re-
sponded by passing laws requiring owners retrofit some of
the most vulnerable buildings known to engineers. Santa
Monica recently moved forward on a sweeping law that
would require evaluations, and if needed, retrofits of wood
apartments, brittle concrete buildings and flawed steel tow-
ers.

(Rong-Gong Lin, Contact Reporter / Los Angeles Times,
March 7, 2017, http://www.latimes.com/local/lanow/la-me-
In-earthquake-san-andreas-grapevine-20170307-
story.html)

ZgAida 35



ENAIADEPONTA -
FrEQAOIIA

How One Brilliant Woman Mapped the Secrets
of the Ocean Floor

This video tells the story of a female geologist, Marie Tharp,
whose groundbreaking work in mapmaking helped bring the
theory of continental drift into the mainstream. Her ideas
(which a male colleague initially dismissed as “girl talk,”
2:34) have helped shape what we know about Earth and its
geologic history.

The characters and themes—a persistent woman, scientific
truth winning out—make this story feel very contemporary.
Plus, it’s all accomplished through clever animations of both
the characters and the visualizations of the complex ideas
they discuss.

http://video.nationalgeographic.com/video/short-film-
showcase/how-one-brilliant-woman-mapped-the-secrets-of-
the-ocean-

floor?utm_source=NatGeocom&utm_ medium=Email&utm c¢
on-

tent=video 20170306 b&utm campaign=Content&utm rd
=1084349954

(Lisa Covi, Production Manager / National Geographic)
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AnoAiBwpara 3,77 310. ETOV
EvronioTnkav ixvn Hiag ano TiG apXalOTEPEG HOPPEG
Cwng

H avakaAuwn evioxUel TRV 13€a oT1 N {wn &Enndnos anod kau-
TEG UdPOBEPUIKEG NNYEC 0TO BUBO TwV Balacowv

O1 gnioTAPoveG nmioTelouv OTI avakaluyav oTo Keunék Tou
Kavadd, Ta apxaidotepa anoAlbwuata HIKpoopyaviopuwy mnou
€xouv Bpebei oTov MAavATn pag kal Ta onoia €xouv nAikia
TOUAAXIOTOV 3,77 SIOEKATOHHUPIWV ETAV.

MpokeiTal yia Ta ixvn nou denoe pia anod TIG apxaloTepPeg
Hop@ég Lwng navw artn n.
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MIKpoOoKOMIKA iXvn oav vnudaTia kal KUAivdpol, Ta onoia &i-
xav oxnuaTioBei and Ta BakTrpia nou foUoav CE OPUKTA ME
oidnpo, Bpednkav eykAwPIoPEvVa HEoa os oTpwuaTa xaAiadia.

Ta ouykekpipeva INUAToyevh neTpopara ornv nepioxn Nou-
BiaykiToUk Tou BopeloavaToAikou Kavadd, eival and Ta ap-
Xa10tepa otnv ' kar mBavotata anoteAoloav TUAMA EVOG
unoBaAdacoiou udpoBeppikol cuoTANATOC, NAoUCIoOU Of Oi-
dnpo, To onoio napsixe To KAataAAnAo nepIBAAAOV yia TIG
NPWTEG HOoPPES LwNG npiv ano 3,77 éwg 4,3 dioskaTouuupla
xpovia.

O1 gpeuvnTeég and noAAEg xwpeg (Bpetavia, HMA, Kavadad,
AucoTpaAia, NopBnyia), He enike@aAng Toug Ap NTopivik MNa-
nvo kalr Mabiou NTovT Tng ZXOARG lewenioTnUWvV Tou
University College Tou Aovdivou (UCL), €kavav Tn OXETI-
kn dnpooicuon oTo nepiodikd Nature.

«H avakdAuywn evioxlel Tnv 10€a OTI n {wr &nndnos anod
KAUTEC UdPOBEPUIKEG NNYEG oTo BuBO Twv Balacowv, Aiyo
META TO oxNMartiopd Tng Mneg», dnAwoe o Madiou NTovT.

«H Cwn oTtn 'n avanTuxBnke og Wia €noxn nou TO60o n idia
000 Kal 0 Apng €ixav uypo VEPO OTIG EMIPAVEIEG TOUG. SUVE-
nwg, avapevoupe OTI Ba Bpoupe evoei&elg yia {wn oTov Apn
npiv and nepinou Téooepa dloekaToduupla xpovia. Av oxi,
TOTE N I'n Ba anoTéAeoe pia €1d1kn NEPINTWON>».

Méxpl Twpa, wG apXaldTepa yvwoTd anoAibmpara HIKpoop-
yaviou®v, nAikiag 3,46 dioekaToPpUpiwV €T®WV, BewpolvTav
auTta nou eixav Bpebei oTn AuTikr) AucTpaAia.

Téoo oTtnv AucoTtpaAia, éoo kai oTov Kavadd, n npdkAnon
nou avTINeTWNICouV Ol ENIOTAMOVEG, €ival va BeBaiwBolv OTI
Ta ixvn Ndvw oTa NETPWHATA €XOUV OVTWG PBIOAOYIKN MPOE-
Aguon, dpa anoteAoUv amoAlBwpaTa HIKPOOPYAVIOU®V, a-
(oU ol TeEAeUTaiol Oev €XOUV OKEAETO Yia va anoAlBwOsi.

TNV nepinTwon Tou KEUNEK, TA PIKPOOKOMIKA VNUATIA KAl Ol
KUAIVEpOI €xouv yivel and aiyaTitn, Hia poppr o&sidwong
(okouplag) Tou aidnpou. O1 gpeuvnTEC €EETATav Kal anEppi-
wav kabe evaAAakTIKn PN BloAoyIKR €ERyNOn yia TNV npos-
AEUON QUTWV TWV IXVOV, N.X. va nponAdav ano WeTABOAEG
oTnv Bepuokpacia kalr oTnv nieon AOYw TWV YEWAOYIK®V
d1adIkaciwv.

Ta apxaia auTtda ixvn €xouv Ta idla XapakTnpioTIKa HE Ta
BakTrpia, nou oAuepa avakaAunTovral yupw and udpobep-
MIKEG «kapivadeg» aTov BuBO kal Ta onoia eniong Npokaiouv
o&cidwaon Tou oI1dfpou.

(Newsroom AOA, 01 Map. 2017, http://news.in.gr/science-
technology/article/?aid=1500131751&ref=newsletter)

Evidence for early life in Earth’s oldest hydro-
thermal vent precipitates

Matthew S. Dodd, Dominic Papineau, Tor Grenne, John F.
Slack, Martin Rittner, Franco Pirajno, Jonathan O’Neil
& Crispin T. S. Little

Abstract

Although it is not known when or where life on Earth began,
some of the earliest habitable environments may have been
submarine-hydrothermal vents. Here we describe putative
fossilized microorganisms that are at least 3,770 million and
possibly 4,280 million years old in ferruginous sedimentary
rocks, interpreted as seafloor-hydrothermal vent-related
precipitates, from the Nuvvuagittuq belt in Quebec, Canada.
These structures occur as micrometre-scale haematite tubes
and filaments with morphologies and mineral assemblages
similar to those of filamentous microorganisms from mod-
ern hydrothermal vent precipitates and analogous microfos-
sils in younger rocks. The Nuvvuagittug rocks contain iso-
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topically light carbon in carbonate and carbonaceous ma-
terial, which occurs as graphitic inclusions in diagenetic car-
bonate rosettes, apatite blades intergrown among carbo-
nate rosettes and magnetite-haematite granules, and is
associated with carbonate in direct contact with the putative
microfossils. Collectively, these observations are consistent
with an oxidized biomass and provide evidence for biological
activity in submarine-hydrothermal environments more than
3,770 million years ago.

Nature 543, 60-64 (02 March 2017)
doi:10.1038/nature21377

(http://www.nature.com/nature/journal/v543/n7643/full/na
ture21377.htmli?foxtrotcallback=true)
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AVOpPWNOYEVEIG NETPEG
NM®g Ta opuxeia Tou Aaupiou epnAolTicav Tn 'n He véa
OPUKTA

Ano Ta ouvoAika 5.208 opukTd TnG NG mou €xouv avayvw-
pioBei enionua and tn Aiedvry OpukToloyikn Evwon, Ta 208,
dnAadn 1o 4% 1 To €va orta 25, €xouv avBpwnoyevr Npog-
Aeuon, KkabBwg €xouv oOxnUaTioBei xapn OTIGC aAvOPWNIVEG
dpaoTnpIOTNTEG. Ta nePIcoOTEPA and auTd yevvhAenkav HOAIG
KaTa Ta TeAeuTtaia 200 xpodvia, unapxouv OPWG Kal apxXaieg
NEPINTWOEIG ONWC OTA apxXaia opuxeia Tou Aaupiou.

Ano Ta 208 avayvwpiopeEva avlpwrnoyevh opukTd, Ta 29
nepiExouv avepaka, evw OpIoHEVA anod auTda E€xouv PpeBei
otnv EAAGda, 6nwg o vedAiBog kal o PIVTAEpITNG oTo Aaupi-
o.

Agiypa veaiiBou ano To Aaupio. To opukTd auTd eival EPpe-
oo npoidv Tou avBpwnou (Mnyn: RRUFF)

AUTO npokUNTEl and pia VEa €MICTNMOVIKA €psuva, n onoia
yid npwTn Qopd KATEYPAWE OE €vd NAyKOOMHIO KATAAo-
yo (http://rruff.info/ima) 6Aa Ta opuKTAa Nou €Xouv NPOEABEI
KaTd KUpIo AOYO ) anokAEIOTIKA Xapn OTOUG avBpwnoug.

H npogéheuon Toug ogeileTal oto OTI, €EaiTiag Twv avbpw-
nwv, dnuioupyndnkav ol cUVONKeG yia va é\Bouv ot enaon
METAEU TOUuG XNMIKA aToixeia Kal va npokAnBoUv YEwXNHIKES
avTiIdpaocelg, nou alAiwg dev Ba sixav cuuBei otn Quaon. Av,
yia napadeiypa, oi geTaAAwpUxol dev €ixav okayel Tn otod
Kanolou opuxeiou (n.x. oto Aalpio), PMopei va pnv sixav
oxNKaTIoOei oTa ToIXWHATA TOou oI KpUOTAAAOI evog AyVwo-
TOU €WC TOTE OPUKTOU.
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O1 GvBpwnol €xouv -PeTa TNV al&non Tou oEuyovou npiv ano
2,2 dioskaToppUpla xpovia- Tn JeyaAUTepn OUVEICPOPA OTNV
noiKIAia Twv 0pUKTWV TNG 'NG. AuTh n dianioTwon, cUUP®va
ME TOuG enioThAMOVEG, anoTeAei GAAo éva enixeipnua oOTlI o
NAGVATNG Hag £XEl NAEOV €I0EABEI O Pia vEQ YEWAOYIKN €Mo-
XN, TNV AvBpwnokaivo, nou £pxetal va diadexBei Tnv OAOKa-
Ivo (apxioe npiv 11.700 xpodvia Pe TO AI®OINO TWV ANAYwWV)
Kal oTnv onoia ol avBpwnol aprnvouv NAEov OA0 Kai Mo &v-
Tova To anoTUunwpa Toug.

O1 gpeuvnTEG, HE €MIKEQPAANG TOov POpnepT XeIlev, €niKepa-
AC yewenioTApova Tou IvoTiTouTtou EmioTnuov Kapveyki
otnv OudaiykTov kai dieuBbuvTr Tou dieBvoug NapaTtnpnTnpi-
ou BaBog AvBpaka, snionuaivouv otn dnUociguar| Toug OTo
American Mineralogist
(https://drive.google.com/file/d/0B1bF9zth54L8UHVZQWZW
QmdOWXc/view) OTI Ta NEPICCOTEPA AVOPWMNOYEVH OPUKTA
£X0UV Npo£ABel and eEopuKTIKEG dpaaTnpIOTNTEG.

Opiopéva ailla éxouv Bpebei o peTaAloupyeia, evw kanoia
€XOUV OXNUATIOOEI OTIG CWANVAOEIG TV YEWOEPUIKOV HOVA-
dwv, akdun Kkal og vaudyla nAoiwv, OTIG apXaloAOYIKEG a-
Vaokageg ) JEGA OTIG anoBnKeg TWV HOUCEiwV. Z€ OAEG au-
TEG TIG NEPINTWOEIG, €va QUAOIKO UAIKO NABE ot enan We €va
ayvwaTo yia ekeivo nepiBaiiov (n.X. e To Baiaooivo vepd
N Me To EUAO oTa pdgia piag anoBnkng) kai, géoa anod pia
XNHIKR avTidpaon, oxnuaTiobnke €va véo opukToO. Av ol av-
Opwnol dev gixav KAvel TNV PHETAPOPA WE TO MAoIO 1 TV ap-
XAI0OAOYIKR) avaoka®r, autd TO OPUKTO HMOPEi va pnv €ixe
unap€el note atn euUON.

Av Kal PHEPIKA avBpwMoyevh OpUKTA pnopoUlv va npokUyouv
€NioNg Kal HECW PUOIK®V d1adIkaciwyv, NoAAG dAAa oxi. ZTnv
I0TOpia Tou NAAvnTN Mag n €EENIEN Twv OpUKT®WV Oev OTANd-
TnOE NoTE, KABWC KE TO NEPATHA TOU XPOVOU Ta XNMIKA OTO-
IX€ia ouvavTiouvTal oe J1dPopoug ouvduaouoUug PEoa OTn
'n, O OuyKekpiPéveg TonoBeaieg, BABN kal Bepuokpadieg,
Y14 VA «YEVVIOOUV» VEQ OPUKTA.

To Aeyopevo Meyaio OEeidwTikd SupBav, dnAadn n HeyaAn
au&non Tou oEuyovou oOTnV atpoceaipa TnG n npiv anod
nepinou 2,2 d10. Xpovia, €iXe w¢ anoTeAeopa va dnuioupyn-
BoUv oxedov Ta dUo TpiTa TwV nepinou 5.200 OPUKTQV.

MeTa TNV €UeAvion Twv avlpwnwv, ol dpacTnpiOdTNTEG TOUG
ouvéBaAav GUEDA 1) EUPEDA, WOTE va oxNUaTiobolv kal aAAa
OPUKTA, Ta NepIocOTEPA META Tov 180 aiwva, OTav apxios
oradiakd n Blounxavikn enavacrtacn. 'Onwg eine o X&ilev,
«nigTeloupe OTI Kal AAAa 0puKTA cuveyifouv va oxnuaTifov-
Tal GAPEPA WE TOV idI0 OXETIKA YPYOPO pUBHO».

O1 avBpwnol emdpolv OTOV aAvOPyavo OPUKTO KOGHO, Mpo-
KaAwvTag Tn dnuioupyia VEWV OpUKTWV WG &va aBeAnTo u-
nonpoiov Twv d1apopwVv dpacTnPIOTATWY TOUC, EVW TUVEXMC
METAKIVOUV TEPACTIEG MOCOTNTEC METPWHATWV KAl OPUKTWV
ano To €va PEPOC TNG NG oTto dAAo. O1 gpeuvnTEG BewpoUv
nibavo OTI undpyxouv €kaTovTadeg avBpwnoyevr 0pUKTA NMou
akoun dev €xouv avayvwpioBei, péoa oe naAid opuxeia, Xu-
TNpPIA, EYKATAAEINPEVA KTipia K.d.

O kataloyog Twv 5.208 opukTwv dev mepiAauPBavel 6ca ol
avBpwnol napayouv Biopnxavikd. Mpdkeirar yia XIAIAdeg véa
OUVOETIKA UAIKG MOU £XOUV ID1I0TNTEG TWV OPUKTWV, XWPIC va
undpxel kATl avTioToixo OTo NAIAKOG PaAG oUOTNHAd, I0WG Kal
kal o 6Ao To cupnav (nuiaywyoi, kpuaTaAAol A&ilep, payvi-
TEG, MnaTtapieg, ToUBAa, TolwévTo, XaAuBag, TITavio, oUVBETI-
Koi moAuTIhol AiBol k.a.). Ta uAikG auTd, cUP@WvVa PE ToV
Xéilev, Ba napapegivouv 0To YEWAOYIKO «apxeio» yia Ta €no-
peva dioekaTopplUpia Xpovia we unduvnaon 0TI KAnoTe unnp-
Eav avbpwnoil otn In.

(Newsroom AOA, pe nAnpogopieg and AME-MME, 02 Map.
2017, http://news.in.gr/science-
technology/article/?aid=1500131870)
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Hidden crystals offer clue to a geological riddle

A South African scientist believes that zircons found on
Mauritius may be the remnants of a buried continental
fragment

Surrounded by idyllic turquoise sea, Mauritius may hold a
hidden secret.

Oceanic crust lives fast and dies young, usually being
dragged down a subduction zone after 250m years or so. By
contrast, continental crust lives to a ripe old age, with some
of the oldest continental crust on Earth - dating to 4bn
years - found in Canada and Greenland.

But geologists have long been puzzled as to why there isn’t
more continental crust bobbing around. Now new research
indicates that some of it might be hidden underneath
ocean-island volcanoes.

Mauritius is a young volcanic island which emerged around
9m years ago. But it hides a secret. Last year, geologist
Lewis Ashwal from the University of Witwatersrand in South
Africa, discovered tiny zircon crystals hiding within Mauritian
volcanic rocks, and these crystals turned out to be 3bn
years old. Zircons are found mainly in granite on continents,
and they are super-hardy, surviving immense pressures and
temperatures relatively unscathed.

In this case Ashwal thinks that these zircons are the rem-
nants of a continental fragment which was pulled apart
around 85m years ago and subsequently buried under vol-
canic lavas. When the volcanism that created Mauritius be-
gan, around 9m years ago, Ashwal reasons that it swept up
some of these hardy zircon crystals as the lava punched
through the ancient crust sitting on the sea floor. His find-
ings are published in Nature Communications.

Meanwhile, it isn’t just ancient continental crust that we
have trouble keeping track of. Last month scientists con-
firmed that Earth had an extra continent surrounding New
Zealand (now known as Zealandia) which had been over-
looked until now because 94% of it lies beneath the ocean.

(Kate Ravilious / The Guardian, Sunday 5 March 2017,
https://www.theguardian.com/science/2017/mar/05/hidden
-crystals-offer-clue-geological-riddle-terrawatch)
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®noaupog oTnv aBucco
To np®TO OpUXEio 0TO BUBO £TOINATZETAI YIA XPUOCEG
pnigveg

AuUTO TO yIyavTio pounoT 6a avaAdBel va avTAei Ta Bpuppa-
TIOMEVA NETPWHATA O NAOIO OTNV EMIPAvEIa

Av To gyxeipnua netuxel, 6a pnopolos va odnynoel os evav
VEO MUPETO TOU XpuooU: Kavadikn HETAAAEUTIKN €Talpeia
eTolpalsral va yivel 1o 2019 n np®wTn nou €Eoplooel XpUao
Kal aAAa péraiAia and Tov nAolaio BuBO Tou wkeavou.

H kavadikr Nautilus Minerals €xel eEaopaliosl cupPwvia pe
TRV KuBEpvnon g ManoUa Néag Mouivéag yia Tnv a&ionoin-
on anobéoswv PETAAAwV oTo BuBO Tou ApXINneAdyoug Tou
Biopapk otov Eipnvikd Qkeavod, evapiol XINOUETPO KATW ano
TNV €NIQAveia.

TNV nNePIOXN auTr, nou BpioKeTal KOVTA O€ OPIA TEKTOVIKWV
NAGK®V, KQuTO VEPO Mou neplEXel dIaAUPEVA PETAAAa avap-
AUCel ano onég oto BuBo6. Kabwg To vepd aveBaivel kal Yuxe-
Tal, Ta YETAAAa aneAsuBepwvovTal Kal NEQPTOUV.

'Onw¢ OnAwoav oTo LiveScience.com eknpoownol TNnG
Nautilus, o1 anoBéosic oto BuBO Tou apyineAayoug sivar 10
(POpEG NAOUCIOTEPEG O XAAKO, O OXEON PE OUYKPIOIUA XEP-
oaia opuxeia, JE TO NOCOOTO TOU PETAAAOU va @Tavel To 7%,
OUYKPITIKG pE 0,6% katd pego 6po otnv &npd. O1 anobeceiqg
nepiExouv eniong 20 ypappapia xpuooU avd TOVo, GUYKPITI-
KA PE 6 ypappdpia otnv &npa kata peco 6po.

H eTaipeia €xel eToipdoel NON Ta Tpia yiyavTia pounoT nou Ba
avaAaBouv Tnv enixeipnon, and Ta onoia To eEAAPPUTEPO EXEI
péyeBog omimioU kai Quyilel 200 Tovoug: To npwTo EUvel To
Bubd yia va Tov I00nedwaoel Kal va avoifsl To dpouo yia To
OeUTEPO, TO OMOIO OMAEl TA METPWHUATA HE PETAAAIKA dovTIia
nou Bupifouv deivooaupo. To TPITO POUMOT, MIG UNEPHEYEBNC
NAEKTPIKN okoUnd, poupdsl To BPUPHATIOPEVO NETPWHA Padi
ME VEPO, Ot pia gouna e Tn cUoTaon Tou uypoU TOIYEVTOU.
ZTnv enipaveida, To vepd PIATpApPETAl akdPa kal and HIKpoo-
KOMIKA owuaTidla Kal ENICTPEPETAl GTOV WKEAVO.

To npoBAnua eivar 611 n diadikacia auth onkwvel 1IZnuaTa
ano To BuBoO, Ta onoia EanAwvovTal 0To VEPO KAl TO BOAW-
VOUV, HE NIBaveg NAapevEPYEIEC OE OpyavIoHoUG Nou TPEPOV-
Tal JE QIATPA Kal YEVIKOTEPA OTO WKEAVIO 0IKOOUOTNHA.

«Ynapxel n coBapn avnouyxia ot n To&kdTNTA and Tn diaTa-
paxn Tou BuBoU pnopei va aveéBel To TPOPIKO NMAEyUa Kai va
(PTACEl Ot TOMIKEG KOIVOTNTEG» Agel n NATall Adoupei Tng
auoTpaAiavng nepiBaiAovTikng opydvwaong Deep Seat Mining
Campaign, n onoia {nTa va anayopeutoUv Ta unoBpuxia
opuxeia.

Ano Tnv nAeupd tng, n Nautilus unooTnpilel 0TI N avappo-

®NonN TWV BPUUPHATIONEVWV NETPWHATWV NeEPIopilel To BOAW-
Ja Tou vepoU o€ TomIKN KAipaka.
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To unoBpuxio opuxeio Tng Nautilus 8a Bpiokeral péoa oTa
Xwpika Udata Tng Manouag Néag Mouivéag, kal n eraipeia
XPEIAoTNKE WOVo TNV adeia Tng KuBEpvnong. MNa Tnv €€6puén
oe di1ebvr) UdaTa anaiteital n €ykpion TnG AleBvoug Apxng
BuBouU Tou OHE, n onoia péxpl Twpa €xel dwael navw ano 25
adeieg e€epelivnong HETAAAEUNATWV.

To eyxeipnua Tng Nautilus, navtwg, BswpeiTal KOPPBIKAG on-
paciag. 'Onwg napadexeral n NataAl Adoupei, «av To axedio
npoxwpenoel, 8a avoi€el Tnv nNdépTa yia autnv Tnv Blounxavi-
a».

(BayyeAng MpaTikdkng / Newsroom AOA, 29 Map. 2017,
http://news.in.gr/science-
technology/article/?aid=1500136551)
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ENAIADEPONTA -
AOIMNA

(apiepwpévo o' auToUC Nou unnpETNOoav oTo MNXaviko - o
€kdOTNG UNNPETNOE OTNV agponopia ...)

From conflict to communities: 75 years of the
Bailey Bridge

Former Royal Engineer Alan Pearson, who now works
for Mabey, reflects on his time helping communities
with the Bailey Bridge’s modern-day successors.

A Bailey Bridge spanning a river in Mali

My attachment to the Bailey Bridge started during my ca-
reer as a Royal Engineer. My belief then and to this day was
that there is not a single better piece of engineering.

Invented by Donald Bailey during the Second World War,
the bridge could be easily assembled in a wide range of
configurations. I was aware of the important role it played
in winning World War II, and its simple design meant it was
still doing an effective job for the military decades later. But
now, as we approach the 75™ anniversary of the Bailey, I
want to make sure its contribution to civilian life is similarly
celebrated.

When I left the Army more than 22 years ago, I started
working with Mabey - manufacturer of the lighter, stronger,
modern successors to the original Bailey such as the Super
Bailey, Mabey Universal, Compact 200 and the Logistic
Support Bridge (LSB). The benefits of the Bailey Bridge out-
side the military setting had always been obvious to me - it
can be rapidly built and assembled by hand, keeping costs
for governments, local authorities and aid workers down to
a minimum. But it wasn’t until I started travelling around
the world to train diverse communities in how to build these
modular steel bridges that I could see the dramatic impact
they are having on the lives of real people - from those
living in major cities, to indigenous communities in under-
developed countries.

I've now visited 94 different countries with Mabey, leading
teams of local people to build these life-changing bridges. I
might be there because natural disasters have brought
down existing structures, or perhaps as part of wider coun-
try efforts to improve basic infrastructure. Regardless of the
circumstances, I've seen communities be completely trans-
formed. Here are the three biggest impacts as I see them:
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A Bailey Bridge across the Niari river in Congo
New connections open new revenue streams

As soon as local businessmen realise there’s going to be a
new bridge, they smell money! When we arrived in Congo in
2015 I heard about a regular ferry taking tourists from one
side of the river to another, but in the rainy season this was
dangerous, and in high season there was rarely enough
water. Our new 130-metre bridge was going to change this
and local people couldn't believe it would take us just 35
days to install — they had thought we would be there for
months! Businessmen sped up their plans to open new res-
taurants and petrol stations to serve tourists and passers-
by, and a new community was established before our very
eyes.

Using local labour boosts communities

The beauty of the Bailey successors is that they are so easy
to construct, you really only need one experienced trainer
and a willing workforce of local people. Back in 2007, the
state of Kashmir was trying to recover from a catastrophic
earthquake which killed 50,000 people. As part of aid ef-
forts, the British government supplied around thirty bridges
and I headed over to train a team of local engineers and
tradesmen to build them. One of the proudest moments of
my career was returning years later to hear that this team
had gone on to train another 20 people, who had trained
another 20 people to build more and more bridges. In the
worst circumstances imaginable, they learned new skills and
were spreading their knowledge. It's evident that when local
people do the work, they take greater ownership of the
bridge - and of course they get paid, so more money is
ploughed back into the local community.

Bridge building in Namibia
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Bridges really do save lives

The biggest impact of a new bridge is, without doubt, en-
suring people can get from A to B as safely as possible. It's
something we might take for granted in developed coun-
tries, but there are still too many people around the world
risking their lives to get access to vital amenities. When I
arrived in Mali in 1997, local people told me that each year
20-40 people died crossing the Bakoye river. It was shock-
ing to see vehicles which had been washed away, and hear
stories about people taking the treacherous journey by ca-
noe or by boat. As soon as local people realised we were
building a safe way to cross, they immediately stopped at-
tempting to reach the other side and simply camped out
until we were finished. The journey was so dangerous it was
worth holding on for.

As the 75" anniversary of the Bailey Bridge draws closer, it
gives me great pleasure to highlight how it has enabled
faster, safer and more efficient access across a range of
challenging locations. It is a true feat of engineering, in
both military and civilian settings.

(the engineer, 8th March

2017, https://www.theengineer.co.uk/from-conflict-to-
communities-75-years-of-the-bailey-
bridge/?cmpid=tenews 3175735)
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Italy: Two die as motorway bridge collapses
near Ancona

A motorway bridge has collapsed near the north-east
Italian city of Ancona, killing two, Italian officials say.

The aftermath of the bridge collapse in Ancona

The victims were in a car below the bridge when it fell down
onto the A14 road, which runs between Loreto and Ancona
South.

The collapse involved a temporary structure which was sup-
porting the bridge, Autostrade, the Italian highways agency
said.

Two Romanian workers were also injured, Italian media
reported.

The two people who died were a husband and wife, original-
ly from the province of Ascoli Piceno, whose white Nissan
Qashgai was crushed as the bridge came down, Ansa news
agency reported.

The bridge had been closed to traffic for maintenance work,
it said.
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Polizia di Stato

The married couple were killed as they drove under the
bridge, reports say

Ansa quoted a witness named Francesco as saying the col-
lapse "happened suddenly" and a female driver in front of
him braked and stopped just 10m (33ft) from the collapsed
bridge.

"We were saved by a miracle," he said.
The affected road is now closed in both directions.
(EIN NEWSDESK, 9 March 2017,

http://world.einnews.com/article/370217865/FDxfeirIKkonG
9ptE?Icf=2ZX9dkeSQfK-5FADPuwijBkQ%3D%3D)
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Are Circular Runways the Future for Airports?

The idea of a circular runway has recently hit the news but
it isn't a new idea. In the January 10, 1960 edition of Arthur
Radebaugh's Sunday comic "Closer Than We Think" includes
a curious invention that was supposed to literally catapult
us into the Jet Age: The circular runway.

From the Chicago Tribune:

"The heart of tomorrow's airfield may be a circular catapult-
like mechanism for sending planes into the air. It would
mean runways much smaller than those now required.

For military purposes, American Engineering Company has
already designed a giant wheel that is turned with great
force by jet power. Cables from this wheel serve as cata-
pults for fighting aircraft.

The next step would be to use rocket power to catapult
planes from a dish-shaped concrete wheel. One spin on
such a "circle runway" would produce the same starting
speed that now requires a thousand feet or more of conven-
tional runway, and with much less fuel.”
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The US Navy actually tested a similar circular runway con-
cept in 1965. The big difference between the Navy's tests
and the runway envisioned by Radebaugh? The Navy's was
much, much larger and didn't have that sci-fi "rocket power
unit" to propel the plane.

According to the New York Times, the US Navy pilots who
tested this innovative runway found that take-off and land-
ing was "surprisingly easy."

Landing is accomplished by approaching the runway in a 15
degree bank — that is, the wing facing the center of the
circle is lowered 15 degrees from the horizontal. Once
touchdown is accomplished, the runway seems to take care
of the rest. The plane finds its natural line on the runway,
depending on its speed.

The idea for the circle runway didn't originate in the 1960s.
In fact, the circle runway concept dates back to at least the
second decade of the 20th century — when air travel itself
was still very much in its infancy.

But the idea's infancy can actually be tracked back to late
1910s, an inventor named Mr. H. T. Hanson developed a
scheme that was undoubtedly one of the first modern circu-
lar runway proposals. He imagined an entire series of circu-
lar runways built over the roofs of many buildings, even in
cities like New York.

From the June 1919 issue of Popular Science: "He would
build the platform in the form of a circular, high-banked
track — a track that would be constructed of light but
strong iron gratings, so that sun and air would still find their
way to the streets below."

The idea of a circular runway for airports could help
revolutionise air travel, shortening flight times, sav-
ing fuel costs and promoting airport efficiency.

One man brought this idea into the 21st century a few years
ago and has been working with a team at the Netherland
Aerospace Centre to make his dream a reality.

Henk Hesselink believes that by creating a 360° runway it
will not only conserve space but it will be greener for the
environment.

The EU has actually funded this project called, 'The endless
runway' (ENDLESS RUNWAY) conceived a revolutionary
design for a runway, based on a circular track that runs
around the airport. Such a runway would permit planes to
take-off in any direction and land from any direction, short-
ening trajectories, avoiding runway crossings and facilitat-
ing landings in any weather.

More specifically, the project team proposed a circular run-
way that would have a radius of 1.5 to 2.5 km, allowing
changes to existing airports more readily. Such a runway
would also be 400 m wide, striking a balance between limit-
ing centrifugal forces and safety considerations. Interesting-
ly, several aircraft can operate such a 10 km runway at the
same time.

Circular runway airports: Dutch researchers propose circular runways for future ... (@)

(https://www.youtube.com/watch?v=BaFcDN6Qe1k)
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To achieve this, the project evaluated three operational
models. The first was designed for low-wind scenarios
where any part of the circle can be used in any direction.
The second involved a high-wind scenario that was similar
to an airport with two parallel runways. While a third model
considered changing winds, involving an aircraft sequence
that gradually 'moves' with the wind direction.

With these scenarios in mind, the project team found that
the concept could shorten take-off and landing tracks over-
all by 10 % in comparison to straight runways. The model
also proves to be better from an operational standpoint as
wind direction will not really matter and total land use can
be a lot smaller than that of conventional airports. While
construction costs will be 10-60 % higher, the concept of-
fers benefits in terms of shorter trajectories, less taxi time
and continuous capacity, ideal for increasing air capacity in
the world.

ENDLESS RUNWAY has successfully demonstrated the fea-
sibility of the circular runway project, highlighting benefits,
future requirements and outlook. With the new Trump ad-
ministration in the US looking at modernizing their airports
will we see circular runways in America before Europe or will
maybe the Chinese beat everyone to it...

Fabrizio Poli is Managing Partner of Aircraft Trading Compa-
ny Tyrus Wings. He is also an accomplished Airline Trans-
port Pilot having flown both private Jets and for the airlines.
Fabrizio is also a bestselling author and inspirational speak-
er & has been featured on Russia Today (RT), TRT
World, Social Media Examiner, Bloomberg, Channel 5, Chi-
cago Tribune, Daily Telegraph, City Wealth Magazine, Billio-
naire.com, Wealth X, Financial Times, El Financiero and
many other Media offering insight on the aviation world.
Fabrizio is also regularly featured as an Aviation Analyst on
Russia Today (RT) and TRT World. Fabrizio is also aviation
special correspondent for luxury magazine, Most Fabullous
Magazine. Fabrizio is also considered one of the world's top
30 experts in using Linkedin for business. You can tune in
weekly to Fabrizio's business Podcast Living Outside the
Cube available both in video & audio. You can also follow
Fabrizio's aviation videos on Tyrus Wings TV. Fabrizio's lat-
est book "Health4Flyers", the first natural-health book for
pilots, flights attendants and frequent flyers is now available
worldwide.

(Fabrizio Poli, March 16, 2017,
https://www.linkedin.com/pulse/circular-runways-future-
airports-fabrizio-poli)
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H apXITEKTOVIKA TNG NioTNnG
XTIOHEVEG O SIAPOPETIKEG ENOXEG, NEPIOXEG Kal yia
31aQOpPETIKA BpnoKeUATA, £XOUV EEXWPICEI YIa TV
NP®WTOTUNN AICONTIKN TOUG KAl TIG KUTACOKEUAOTIKEG

TOUG AENTOPEPEIEG.

1. HallgrImskirkja, IocAavdia

BpiokeTal oTo kévTpo Tou PEikiaBik kal anoTeAei éva and Ta
dlaonuoTepa TouploTIKA a&loBéatd Tou. H AouBnpavikn k-
kAnoia Hallgrimskirkja (nou dapyioe va xTiCetal To 1945 kai
0AOKANPWONKe €neiTra anod dekasTieg) Bewpeital €BVIKO Pvn-
JEio, ev® €ival apiepwpévhn OTOV KANPIKO Kal MoinTrh Tou
170u aiwva Hallgrimur Pétursson, and Tov onoio Nnpe kai To
Ovoua TNG. Mépa and 1o PVNUEIOOES €ENPETIOVIOTIKO KTioUa
Tou apxITéktova Guojon Samuelsson (Mou €ival EUNVEUCHE-
VO anod Ta N@aioTeid Kal TOUC MAYETWVEC Tou I10AavdIkoU
TOMiou), EVTUNWOIAKO €ival Kal To TEPAOTIO €KKANOIACTIKO
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0pyavo He Toug 5.275 auAoUg, OTO €0WTEPIKO TOU vaou,
onwg Kal n KoAupnnBpa anod kpUoTaAio Bonuiag kal BacdA-
™ (nETpwpa and Adapa). =Tnv Kopu®r TnG e€KKANnciag, o€
Uwog 73 Y., undpxel napatnenThipPIo Nou NPoocpEPEl Nnavopa-
MIkR B€a atnv noAn.

2. OxupwHEvn ekkKAnaia Viscri, Poupavia

EnTd xwpid Tng TpavouABaviag nou ¢nuidovTal yia TIG oXu-
PWHEVEG €KKANOCIEG TOUG €xouv avaknpuxBei, oTo oUVOAO
Toug, Mvnueia Maykdopiag KAnpovopiag tng UNESCO. ‘Eva
and auTd Ta xwpld €ivair To Viscri, To onoio OTIG PHEPEG pAG
KATOIKEITal KUPiwG anod Poud kal €xel wg onua kataTebev Tnv
OHWVUMN OXUPWHEVN YOTOIKN €kkAncia. To nNpwTo KTiopa
TNng Viscri Bswpeital 611 Bepediwbnke yUpw oTto 1100 anod Tov
ouyypikd Aad Twv Szeklers, npoToU gu@avioTouv ol ZAEoveg
KATaKTNTEG. H OUYKEKPIPEVN YEWOTPATNYIKN AENTOMEPEIQ
€ival onpavTikr Kal apXITEKTOVIKA, apouU €iXe WG AnNoTEAETHA
N opo®n TNG eKKANaiag va XTioTei iola kal ox1 BoAwTd.

3. BaolAIkA TnG Nevvinoewg, IepoucaAnp

Eival xTiopévn navw oto Grotto, To onueio Nou €xel avayvw-
pioTel and Tnv napddoon w¢ TONOG yévvnong Tou Inoou.
EKTOC anod 1EpOC TOMOG YIa XPIoTIavoUg Kal JOUCOUAUAVoUG,
n Baoihikr) Tng Mevvioewg —oTn duTikh 0xX6n Tng MaAaioTi-
vng, 10 xAM. voTia TnG IepoucaAnu- eival kar éva and Ta
Maykooupia Mvnueia Tng UNESCO. H ekkAnoia xpovoAoyeiTal
Tov 60 ai®va p.X., BgpeAiwOnKe Navw oTnv auBevTikn Baoi-
AIKn Tou 339 (TnVv avéyepaon TngG onoiag ekivnoe n Ayia EAE-
vn, UNTEpa Tou Meyalou KwvoTavTivou) kal gival o apxaio-
TEPOG XPIOTIAVIKOG VAOG MOU AEITOUPYEl £€WG TIG HEPEG HAG.
To onuepivd oUpnAsypa nepiAapBavel, eniong, Tov vao Tng
Ayiag AikaTepivng, padi pe povaoTnpia kar EWkARoia.
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4. EkkAnocia Borgund Stave, NopBnyia

XTioTnke peta&l 1180 kar 1250 kar Bswpeital n nio kahodia-
Tnpnuévn and TG 28 €kkANGTiEG Tou €idOUG NOU €XOUV AMNOLE-
ivel otn NopBnyia, ano TIC XIANIGdEC Mou uUMAPXav KAnoTe.
MpokerTal yia EUAIVEG HECAIWVIKEG EKKANTIEG, YVWOTEG KAl WG
stave churches, and Tn vopBnyikn A€En «stav», nou onuai-
vel «EUAIVO unooTUAwpa». H EkkAnoia Borgund Stave, nou
€xel oxediaoTtei o puBuo PaciAikng, dnuioupyndbnke anod
EUMNEIPOUG TEXVITEG, oI onoiol enegepyaaTnkav Pe €nidegIoTn-
Ta nepi Ta 2.000 koppaTia EUAou yia va Tn QTIAEouv, eV
yla TNV KaTaokeun Tng dev €xel xpnoigonoinbsi oUTe €va
kap@i. H gkkAnoia €xel GAAn Wia apxITEKTOVIKA KalvoTopia,
Kabwg PEXP! TOTE TA UAIKA KATAOKEUNG akoupnoUoav angu-
Beiag oTo £dagog, evw oTnv Borgund @TIAXTNKE yia
npwTnN QOpad Wia NETpivn BAcn. ZAUEPA 0 XWPOG AEITOUPYEI
KaTd KUpIo AOYO WG [ouaeio.

5. Notre Dame du Haut, F'aAAia

Ztn didpkeia TnG lFaAAikng Enavdaoraong, 40 OIKOYEVEIEG
VTONIWV €ixav TNV €ukaipia va ayopdacouv TO MAPEKKANCI
Notre Dame du Haut Tng koivoTnTag Ronchamp, otnv ava-
ToAIkR FaAAia, 31671 dev nBeAav To BpnokeuTikd onueio ava-
(OopAag TNG NEPIOXNG TOUG va NepAcel g€ AAAa xépia. 'Ensira
and coBapd nAfyuarta, nou oxeddv To diEAucav (6nwg n
QwTIG Tou 1913 kai ol Boupapdiouoi Tou B’ TMaykoopiou
MoAépou), Eavaxtiotnke Tn dekaegtia Tou 1950 and Tov Le
Corbusier. O npwTonopo¢ MMAANOeABETOG, WeE KUPIO UAIKO Tou
To okupddepa, dnuioupynoe évav povadikd vad, o onoiog
AaAAa&e Ta dedopéva TNG BPNOKEUTIKNAG APXITEKTOVIKNG ONWG
TNV n&epe o kdopog. To kTiopa poialel va peel ouvdualovrag
KAunUAEG Kal euBegieg emipaveleg, ol onoieg opifouv Tov a&o-
va AvaToAng-Auong kal eEao@aAifouv —Bacikd yia Tov Le
Corbusier- uoIKO GWTIOUO NOAANEG WPEG TNV NUEPQ.

ZgAida 43



6. EkkAnoia TnGg Mapiag MaydaAnvng, IepoucaAnp

XTioTnke To 1888 ano Tov Toapo AAEEavdpo ' Tng Pwaiag,
OTn MVAHN TNG KNTEPAG TOU, AuTokpdTeipag Mapiag AAeEav-
TpoBva. Bpiokeral oto 'Opog Twv EAaiwv, ndvw anod Tov Kni-
no Tng reonuavng, kai givar apiepwuévn orn Mapia Mayda-
Anvh, Hia anod TIC onUAvTIKOTEPEC YUVAIKEIEC PIYOUPEC TOU
XploTiaviopoU, nou AaTpeUsTal wg ayia and opBodofoug,
kaBoAikoUg, dlapapTuUpOEVOUC aAAd kal AouBnpavouc. O
vaog Eexwpilel yia Toug anapauiAAnNG opop@Iag TPoUAOUG
TOU, EV® TO OTUA Tou KaTtadelkvUel TIG TAOEIC NOU ENIKPATOU-
gav oTn HooXOoBITIKN apXITEKTOVIKA KaTtd Tov 160 kai 170
aiwva. '0go yia Tnv npocown Tou, napdT poialel pappdpivn,
aTnV npayuartikoéTnTa €ival eriaypévn and yappirn.

AVNKel OTO BpnNOKEUTIKO GUUNAEyHa TnG AaAipnéla ortn Bo-
peia AiBionia, To onoio £xel xapakTnploTei «dydoo Balpa Tou
KOopou», eival Mvnueio Maykodéopiag KAnpovopidg Tng
UNESCO kal nepiAapBavel €vreka HOVOAIBIKEG HECAIWVIKEG
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ekkAnaieg. H ekkAnoia Tou Ayiou Mewpyiou (Biete Ghiorgis),
Mia and Tig nA€ov JIAONWEG, €ival ANOPOVWHEVN Kal OUVOEE-
Tal Ye Toug undAoInoug vaoug Pe éva cUoTNPA anod Tagpoug.
To unoBANTIKO BPNOKEUTIKO Wvnueio XpovoAloyeiTal Tov 120-
130 aiwva, €xel oxnUa oTaupou Kal €ival KaTAOKEUAOWEVO
ano ToQp@o (NPAIcTEIaKO NETPWHA).

(EAeubepia Ahapavou / H KAOGHMEPINH, 03.01.2017,
http://www.kathimerini.gr/889599/gallery/ta3idia/me-
aformh/h-arxitektonikh-ths-pisths)

8. NapekkAnol Bosjes, koiIAada Bosjesman, NoTia Agp-
pIkn

To napekkAnol Bosjes oxediaotnke and Tov NoTioappikavo
Coetzee Steyn Tou Aovdpelikou Steyn Studio kal To OAOKAN-
pwoav ol TV3 Architects, evw npdkeirar va A&ITOUpynoel
TEAOG MapTiou.

Mia wpa pakpid and To Kéin Tdouv, TOomoBeTnuévo HEoa
oTnVv KolAada Bosjesman -yepdTtn pe eAaiddevTpa, podakivi-
£C Kal aunélia—, n yYAUNTIKA QOpHa Tou «akoAouBei» Tn al-
AOUETA TWV BOUVMV PE TOUG AUNEAWVEG NMou BpiokovTal oTn
duTIKN NAgupd TN NOANG.

H kaTaokeur Tou £yive and OKUpOdeua, WE TNV 0poPpr Tou
va poldlel pe Ugaopa nou KupaTilel atov agpa Aiyo npiv
aKoUMNAOEl aTn yN.

Mapda Tnv availaepn €ikdva Tou, €101 ONWG JEIXVEl va awnea
Tn BaplTnTa, n SouM TOU KTIOKATOG EKNEWNEI SUVAUIOHO.

O XWPOoG €0WTEPIKA gival MOAU AITOG, He NOAAG Sopikd oToI-
XEIa KPpUPKEVQA, YIa va pnv napeupaivouv otn SwpIkn €Ikova
Tou. H éunveuon yia To napekkAnol nnydlel andé Toug Iepa-
nooToAIkoUG oTaBuoug nou idpuoe n adeA@oTnTa TnG Mopa-
Biag oeg autq Tnv  nepioxiy Tov 190 aiwva.
www.romaconventiongroup.it

(Maywva Aawdatn / H KAOGHMEPINH,
http://www.kathimerini.gr/901972/article/ta3idia/ta3idiwtik
a-nea/eis-to-onoma-toy-patros)
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NEEZ EKAOZEIZ 2TI2
FEEQTEXNIKEz
ENIZTHMEZ

“Rock Mechanics and
Engineering”

>
.
-

Prof. Xia-Ting Feng, Editor

Rock Mechanics

S e BRI The five-volume set “Comprehen-
sive Rock Engineering”, which was
published in 1993, has had an im-
portant influence on the development of rock mechanics
and rock engineering. Significant and extensive advances
and achievements in these fields over the last 20 years now
justify the publishing of a comparable, new compilation.

“Rock Mechanics and Engineering” represents a highly pres-
tigious, multi-volume work edited by Professor Xia-Ting
Feng, with the editorial advice of Professor John A. Hudson.
This new compilation offers an extremely wide-ranging and
comprehensive overview of the state-of-the-art in rock me-
chanics and rock engineering and is composed of peer-
reviewed, dedicated contributions by all the key experts
worldwide.

Key features of this set are that it provides a systematic,
global summary of new developments in rock mechanics
and rock engineering practices as well as looking ahead to
future developments in the fields. Contributors are world-
renowned experts in the fields of rock mechanics and rock
engineering, though younger, talented researchers have
also been included.

This multi-volume work sets a new standard for rock me-
chanics and engineering compendia and will be the go-to
resource for all engineering professionals and academics
involved in rock mechanics and engineering for years to
come.

The “Rock Mechanics and Engineering” set includes the fol-
lowing 5 volumes:

Principles

Laboratory and Field Testing
Analysis, Modeling & Design
Excavation, Support and Monitoring
Surface and Underground Projects

e

CRC Press offers ISRM members a 30% discount. Click here

to get the discount codes.

(CRC Press, June 12, 2017)
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Shallow Geothermal Systems
- Recommendations on
Design, Construction,
Operation and Monitoring

Shallow Geothermal Systems:
Recommendations on Design,
Construction, Operation and
Monitoring

Deutsche Gesellschaft fiir
Geotechnik e.V. / German
Geotechnical Society, Deutsche
Gesellschaft fiir Geowissen

The recommendations summarise the state of the art. Their
aim is the proper exploitation of the ground for geothermal
purposes without adversely affecting the ground or the
groundwater on the one hand and the operation of the sys-
tem and nearby buildings on the other. The recommenda-
tions should be used during consulting, design, installation
and operation in order to achieve optimum and sustainable
use of the ground at a specific location. Authorities respon-
sible for supervising and approving projects can use the
recommendations as a guide when taking decisions and
making stipulations.

The Geothermal Energy Study Group was set up in Bochum
in 2004 and became the joint DGGV/DGGT study group in
2007. Some 20 specialists from universities, authorities and
engineering consultants are active in the group and meet
two or three times a year.

(WILEY Ernst & Sohn, June 2016)
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HAEKTPONIKA
NMEPIOAIKA

o

International Society for

ISRM

www.isrm.net/adm/newsletter/ver html.php?id ne
wsletter=136&ver=1

KukAogpopnoe To TeUxog No. 37 Tou ISRM Newsletter (Map-
Tiou 2017) We Ta akOAouBa neplexoOUeva:

17th ISRM online lecture by Prof. Charles Fairhurst

e 2017 ISRM International Symposium - AfriRock 2017
"Rock Mechanics for Africa"

EUROCK 2017, Ostrava, Czech Republic, 20-22 June
“"Rock Mechanics and Engineering”, a 5-volume set
edited by Prof. Xia-Ting Feng

Macedonia joined the ISRM

ISRM Rocha Medal 2019 - nominations to be received by
31 December 2017

e YSRM 2017 & NDRMGE 2017 - Challenges and Innova-
tions in Rock Mechanics and Engineering, Jeju Island,
South Korea, 10-13 May 2017, an ISRM Specialised
Conference

e Progressive Rock Failure Conference, Monte Verita,
Switzerland, 5-7 June 2017, an ISRM Specialised Confe-
rence

e GeoProc 2017, Paris, France, 5-7 July, an ISRM Specia-
lised Conference

e Shaoxing International Forum on Rock Mechanics and
Engineering Geology (SXFRG), Shaoxing, China, 28-29
October 2017, an ISRM Specialised Conference

e ©5l1st US Rock Mechanics/Geomechanics Symposium -
Registration and exhibits now open

e NRMS 2017 - 3rd Nordic Rock Mechanics Symposium,
Helsinki, Finland, 11-12 October 2017

e The Spanish Society for Rock Mechanics celebrates the
50th anniversary

e First JTC1 Workshop on Advances in Landslide Under-
standing, Barcelona, 24-26 May 2017

Digital Library at OnePetro
ISRM Suggested Methods page
e ISRM Sponsored meetings

o3 D
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www.geoengineer.org

KukAogpopnoe To Teuxog #143 Tou Newsletter Tou Geo-
engineer.org (Maptiou 2017) pe NoOAANEG XPAOCIKEG NANpoO-
Qopiec yia 0Aa Ta B€paTta TNG yYeEwUNXavikng. YnevOupileTal
oTI To Newsletter ekdideral and Tov ouvadeA@o Kal HEAOG
Tng EEEEMM AnunTpn Zékko (secretariat@geoengineer.org).

Ev3EIKTIKA avagépovTal:

Tunnelling beneath Stonehenge: A controversial con-
struction project

Malta's Azure Window collapses after storm

Design for Bogotd's first metro line begins

Rubbish landslide in Ethiopia leaves more than 100
people dead

John Wolosick named Engineer of the year by the Geor-
gia Society of Professional Engineers

Impressive submarine landslide outcrop captured in
photos

$3bn Kuwait causeway project on track for launch in
2018

Cowi employs drones for dam surveys in Zambia
Stanford scientists develop software tool to reduce risk
of manmade earthquakes

Oklahoma faces seismic risk due to drilling activity

http://campaign.r20.constantcontact.com/render?m=11013

04736672&ca=5b2b34e4-c25b-47a2-aa3e-a25e31e6b91f
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EKTEAEZTIKH ENITPONH EEEENM (2015 - 2018)

Mpoedpog

A’ AvTINpoedpog

B’ AvTinpdedpog

Fevikog Mpapparteéag:

Tapiag

'Eqopog

MEAN

AvanAnpwuariko

rewpylog FIKAZETAZ, Ap. MoAiTikdg Mnxavikdg, Kabnyntrg E.M.M.
president@hssmge.gr, gazetas@ath.forthnet.gr

Mavayiwtng BETTAZ, MoAITIKOG Mnxavikog, OMINOZ TEXNIKQN MEAETQN A.E.
otmate@otenet.gr

MixdAng NMAXAKHZ, MoAiTikdg Mnxavikog
mpax46@otenet.gr

MixdAng MMAPAANHZ, MoAiTikdg Mnxavikdg, EAA®OS SYMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

Mwpyog NTOYAHZ, MoAITikog Mnxavikdg, EAAOOMHXANIKH A.E.- TEQTEXNIKES MEAETEZ A.E.
gdoulis@edafomichaniki.gr

Mowpyog MNEAOKAZ, Ap. MoAImikdg Mnxavikodg, Enikoupog KadnynTrg TEI ABrivag
gbelokas@teiath.gr, gbelokas@gmail.com

Avdpéag ANAINQZTOMOYAOZ, Ap. MoAITIKOG Mnxavikog, OudTiiog KaBnyntng EMM
aanagn@central.ntua.grn

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

Mapiva MANTAZIAQY, Ap. MoAImikdg Mnxavikog, AvanAnpwTpia Kaényntpia E.M.M.
mpanta@central.ntua.gr

MéAog KwvoTavTivog IQANNIAHZ, MoAimikdg Mnxavikog, EAAOOMHXANIKH A.E.
kioannidis@edafomichaniki.gr
Ekd6TNG Xpriotog TZATZANI®OZ, Ap. MoAITIKOG Mnxavikog, MANTAIA SYMBOYAOI MHXANIKOI E.[M.E.
editor@hssmge.gr, ctsatsanifos@pangaea.gr
EEEErM
ToHéag MEWTEXVIKNAG TnA. 210.7723434
ZXOAH MOAITIKQN MHXANIKQN ToT. 210.7723428
EONIKOY METZOBIOY NOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTeXveioUnoAn Zowypapou geotech@central.ntua.gr

15780 ZQrPA®0OY

IoTtoocAida www.hssmge.org (Unod Kataokeun)

«TA NEA THZ EEEEMM» EkddOTNnG: XpnoTtog ToaTtoavipog, TnA. 210.6929484, ToT. 210.6928137, nA-JI. ctsatsanifos@pangaea.gr,

editor@hssmage.gr, info@pangaea.gr

«TA NEA THX EEEEMM>» «avapT®vTal» Kal oTnv 10ToogAida www.hssmge.gr
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