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XAVIKNG Ba culnTnBoLV oTo 160 MaveLEWTTIAIKO YLVE-
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PAITELW SPACEWY O TOTTIKO, TTEQIPEPEIAKO KAl EBVIKO -
TTTTESO, PE TN CLUMPETOXA TOL ELPVLTEPOL KOIVAWVIKOL OUL-
VOAOU, TV POPEWY KAl TV TTOAITWYV TNG @eC0TAAOVIKNG.
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APOPA

Numerical Modelling of Tabular Excavations:
Old Problems and New Solutions

D. F. Malan | University of Pretoria, South Africa
FRANKLIN LECTURE

INTRODUCTION

It is a great honour to have been chosen as the recipient of
the ISRM Franklin Award and I am grateful to the Interna-
tional Society for Rock Mechanics (ISRM) for bestowing this
award on me. A keen interest of mine is the rock mechanics
problems posed by the deep gold mines in South Africa. A
large part of my past and current research efforts have
been devoted to this topic as a result. This is certainly not a
new rock engineering challenge as the tabular reefs of the
Witwatersrand gold mines were discovered and exploited as
early as 1886. The mines achieved record breaking depths
in the decades that followed and the famous ERPM Mine
achieved a depth of 11,003 feet or 3353 m below surface as
early as 1958 (Cartwright, 1968).

Owing to the great depth and high extraction ratios, the
industry suffered from the damage caused by rock bursts
since the early days of mining. Documents such as the “Re-
port of the Witwatersrand Rock Burst Committee” in 1924
attempted to classify the types of rock bursts and proposed
mechanisms why these seismic events occurred (Mickel,
1933). Of particular interest is that the industry already
conducted extensive underground measurements in 1927 to
quantify the rock burst problem. Adler (1933) describes the
measurements conducted at Crown Mines. A sketch of a
primitive “sag-meter” to measure convergence in stopes is
shown in Figure 1. The important aspect is that significant
“creep-like” movements in the rock mass were recorded,
even though the host rock mainly consisted of hard, brittle
rock types such as quartzite (Figure 1).

In spite of the attempts to understand the rock burst prob-
lem, the design of the mining layouts was based largely on
trial and error until the 1960’s. A noteworthy change that
occurred in 1941 was the implementation of the longwall
mining method at ERPM (Figure 2) to reduce the formation
of “remnants” or small blocks of isolated ground (Deane,
1954). These remnants were prone to bursting and the
longwall method reduced the formation of these blocks.

THE ELASTICITY ASSUMPTION

Following the Coalbrook Colliery disaster in 1960, systemat-
ic rock mechanics research gained momentum in South
Africa (Van der Merwe, 2006). This research was mainly
done by the Chamber of Mines and the CSIR (Council for
Scientific and Industrial Research). A key finding during
those early years was that the rock mass, far away from the
fracture zone surrounding the stopes, behaved in an elastic
fashion. Ryder and Officer (1964) conducted measurements
in a haulage situated in the hangingwall of the reef above
two advancing longwalls over a period of a year (Figure 3).
The section of haulage monitored was between 75 m and
120 m above the stoping excavations and therefore remote
from the fracture zone surrounding the stoping excavations.
Figure 4 illustrates the downward movement of the haulage
and the simulated movement predicted by elastic behav-
iour.

Based on these measurements, the authors concluded that:

e The rock mass at ERPM behaves essentially elastic.

TA NEA THZ EEEEI'M - Ap. 109 - AEKEMBPIOZ 2017

= g e A s et 8
Lo b -

o I

P —— |

‘ T i e

SAGMETER _ CHART

! | o
|

|
|
[ |

|

- | 1 - . | e Ll * =7
2 h 2 3¢ 5 67 3 9 0 W B V¢ 3 4 5 ¢ 78OS NN
NOURS

Fig. 1 - A sketch (up) of a primitive instrument to measure
convergence in the South African gold mines in 1927 (after
Adler, 1933). The graph (down) was recorded by an instru-
ment that could record convergence in a continuous fash-
ion. The convergence increases downwards. Note the creep
in the rock mass after the blast occurred. This was recorded
at Crown Mines in the early 1930’s (after Hamilton, 1954)

e Elastic constants determined from small specimens appear
to provide a realistic estimate of the properties of the solid
rock underground.

Building on this foundation of elastic theory, Salamon
(1963, 1964) described the “face element” principle. This
implied that if convergence and ride at each element of the
mined area is known, stresses and displacements at any
point in an elastic rock mass can be calculated. An integral
equation can be set up to compute these convergences and
rides, but computers were not readily available at the time
to do these simulations. As a solution, it was illustrated that
the Laplace equation governed the distributions of conver-
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gence and ride for tabular type stress problems. Since the
same equation also governs the flow of electricity, an elec-
trolytic tank stress analogue was constructed. This was a
breakthrough as for the first time, stresses and displace-
ments around a complex tabular excavation could be accu-
rately determined.

Fig. 2 - A plan view of the Hercules Longwall Area at ERPM
Mine in 1943 (after Deane, 1954). The longwall method was
introduced in 1941 at the mine to reduce the formation of
small isolated blocks of ground or “remnants”. The dip of
these tabular orebodies was typically 25° to 35°. The great
depth, high extraction ratio and the shallow dip of the
orebody resulted in very high stress levels and seismicity
ahead of the longwall faces

Fig. 3 - The K (left) and L (right) longwalls at ERPM Mine
and the position of the 58 level hangingwall haulage where
Ryder and Officer (1964) conducted measurements. This is

a plan view of the mine workings

BENC HMARKS

Downward movement (CMS)

Fig. 4 - The famous measurements and elastic calculation

by Ryder and Officer (1964) which indicated that the far-

field rock mass behaviour can be approximated by elastic
theory
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As the electrolytic tank was difficult to set up, Cook and
Schumann (1965) designed a practical electrical resistance
analogue (Figure 5). A fixed 3D grid of resistors replaced
the electrolyte and a patch board of earth pins made it eas-
ier to prepare the layout problem. A total of 10 of these
analogs were constructed and the original Chamber of Mines
model was upgraded as late as 1979.
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Fig. 5 - Engineers simulating a tabular layout using one of
the electrical resistance analogue simulators

Plewman et al (1969) and Deist (1972) described the first
MINSIM (short for Mining Simulator) type computer pro-
gramme. This code was considered as a digital version of
the electrolytic and resistance analogues developed earlier.
Of interest was that the components of this first MINSIM
refer to the “Tank generator” and the “Tank structure in
memory”. It typically solved a 64 x 64 element reef plane
using the same principles described by Salamon (1963).
This computer development was made possible when the
University of the Witwatersrand acquired a computer with a
faster processing unit and storage capacity than what was
available in the rest of South Africa. The computer program
was developed to avoid the cumbersome transfer of data
from the analogues to a computer to calculate the off-reef
stresses and displacements (which required a separate in-
tegration process). As described by Deist (1972), on the
analogues, the reef plane was customarily represented by
60 x 60 discrete squares that were considered either fully
mined or unmined. This necessitated the transfer of 3600
potentials for every solution. MINSIM was therefore the first
complete digital solution of the tabular mining problem.

In 1981, the Chamber of Mines Research Organisation
(COMRO) did a survey regarding the usage of MINSIM-type
programs in industry. At that stage there were two distinct
families of codes namely:

e MINSIMC: This was a descendant of SHAMIP, which was
essentially similar to Deist’s original MINSIM. MINSIMC
had powerful features such as generalised co-ordinate
systems and it could allow for a variable stoping width.
Its main drawback was that it was non-portable and
could only run on an IBM 370 computer.

e FREER/DREEF: This was developed by S.L. Crouch and
extended by workers in South Africa. Many different
versions of this code were available. Its big advantage
was that it was transportable and could run on any large
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minicomputer or mainframe. In comparison to MINSIMC,
it also had user-friendly graphic input-output features.

Based on this study, it was proposed that a completely new
system be developed that could be run on a minicomputer.
COMRO adopted a resolution in November 1981 that a
modularised MINSIM-type system be developed. This devel-
opment had to result in a transportable code and include a
full multi-reef capability. The development and coding of
this program was done by John Napier and the result was
the MINSIM-D program (Figure 6).

MINSIVI-D

USER’'S GUIDE

Chamber of Minos

e ' Nesearch Ovganiaation

Fig. 6 - Manuals of the historic MINSIM-D tabular simulation
program

The assumption of an elastic rock mass and the develop-
ment of the modelling tools to simulate the irregular layouts
of the tabular stopes resulted in a much improved engineer-
ing approach to design these layouts. Various design criteria
such as Energy Release Rate (ERR), Average Pillar Stress
(APS) and Excess Shear Stress (ESS) are routinely used to
design these layouts (Ryder and Jager, 2002). A typical
modern layout is shown in Figure 7 and it illustrates the dip
pillars to control regional seismicity and bracket pillars to
minimize the seismic events caused by large geological
structures. This layout should be compared to the much
older layouts shown in Figures 2 and 3.

Max span

Saw-tooth pillar

Dip pillars

Fig.7 - A typical modern layout of a deep South African gold
mine to mitigate the risk of damaging seismicity (after
McGill, 2007). This is a plan view of the orebody and exca-
vations. The spans of the stopes are limited and large dip
pillars (the grey bars - typically 30 m to 40 m wide) are
included in the layout. The geological structures are
clamped by so-called bracket pillars.

THE LIMITATIONS OF ELASTIC MODELLING

In spite of the major advances in tabular mine layout design
after the introduction of the elastic codes, some practical
problems cannot be simulated. Rock engineers working on
these mines, for example, commonly use mining rate as a
tool to control seismicity in high risk areas. The elastic
codes cannot simulate the effect of mining rate, however.
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Mining rate needs to be studied in more detail as it is known
that the rock mass undergoes significant time-dependent
deformation in some geotechnical areas (Malan et al. 2007).
This effect was in fact recorded as long ago as in the 1930’s
(Figure 1). Another recent example is shown in Figure 8 to
illustrate the significant “creep” component recorded in an
intermediate depth tabular platinum mine. For the gold
mines, it is proposed that the time-dependent convergence
data may be useful to identify remnants that may be safely
extracted. A difficulty faced with these studies is that no
numerical tool readily exists that can simulate the time-
dependent rock mass behaviour on a mine-wide scale. Alt-
hough several types of commercial finite difference and
finite element codes are available with built-in creep mod-
els, it is not practical to simulate the small mining steps of
typically 1 m per blast in a tabular layout with these codes.
The overall dimensions of these layouts can be in the order
of kilometres in the strike and dip directions and therefore
the displacement discontinuity boundary element approach
is still preferred.

Although it seem attractive to use a simple viscoelastic
model to simulate the behaviour shown in Figure 8, earlier
work indicated that a viscoelastic model is not suitable to
replicate the spatial behaviour of the convergence recorded
underground (Malan and Napier, 2017). Viscoelastic theory
cannot simulate the decrease in convergence rate as the
distance to face increases (Figure 9). Recent studies have
indicated that a limit equilibrium displacement discontinuity
model with a time-dependent failure criterion may be useful
to simulate on-reef time-dependent failure processes on a
mine-wide scale (Napier and Malan, 2012; 2014).

45

40

& 8

Closure (mm)
b

Time (days)

Fig. 8 - Typical convergence data recorded in deep gold
mines and some of the deeper platinum mines where crush
pillars are used. This particular data set was recorded in a

Merensky Reef platinum stope (after Malan et al., 2007)
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Fig. 9 - Convergence as a function of time after blasting for
different distances to the face. The distance below each
meter number is the distance to face before this particular
blast (after Malan, 1999). This was recorded in a deep gold
mine
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A PROPOSED TIME-DEPENDENT LIMIT EQUILIBRIUM
MODEL

As an alternative to the viscoelastic model, a time-
dependent limit equilibrium model built into the displace-
ment discontinuity code, TEXAN, was recently used to in-
vestigate the convergence behaviour described above. A
description of the TEXAN code and the limit equilibrium
model is given in Napier and Malan (2012, 2014). By using
this approach, the fracture zone surrounding the excava-
tions is simplified as the model restricts failure to the on-
reef plane only. A key feature of the model is that the intact
rock strength is differentiated from the residual strength
according to specified intact and residual failure strength
envelopes. The strength of the intact seam or reef material
ahead of the stope face is assumed to be defined by a linear
relationship of the form

On = 0'c + M; Os (1)

where ¢ and m; are the intercept and slope parameters
respectively. os is the average seam-parallel confining
stress and o, is the seam-normal stress component. Once a
point in the seam fails, the strength parameters are postu-
lated to decrease immediately to values ¢° and mg which
define an initial limit stress state in which there is a fixed
limit equilibrium relationship between o, and os of the form

O, = ODC + Mo Os (2)

The limit strength parameters are then assumed to decay
towards residual values o. and my. The strength values o(t)
and m(t) at an elapsed time t after failure, are defined ac-
cording to the relationships:

1\
ar(f)=[§) [af—af]+o‘.f (3)

]

m(r)=(§j‘[m(,—m,]+mf (4)

where A is a half-life parameter. The limit stress compo-
nents o, and o5 at a given seam or reef position and time ¢
are then given by an appropriate equation of similar form to
equation [1]:

On = 0c(t) + m(t) os (5)

The distribution of the limit stress values will in general de-
pend on the distribution of failure times at all points in the
fractured material and consequently depends in a complex
evolutionary manner on the planned mining sequence and
extraction rate. A given mining problem must therefore be
solved in a series of time steps which include mining incre-
ments that are scheduled at appropriate time step intervals.
The problem time scale will be determined essentially by
the chosen half-life parameter, A.

SIMULATION OF TIME-DEPENDENT CONVERGENCE

The simplified geometry shown in Figure 10 was used to
illustrate the characteristics of the time-dependent limit
equilibrium model. This is a stope of size 100 m X 50 m
situated at a depth of 2000 m. The stope is surrounded by a
region of elements which assume the constitutive behaviour
described by equation [3] to [5] once failure is initiated.
Convergence profiles were recorded at the points A, B and
C. These measurement positions varied slightly depending
on the element sizes used, but for 1 m elements, the dis-
tances to the excavation face were A = 0.5 m, B = 4.5 m
and C = 24.5 m. The model parameters are given in Table
1. These parameter values are assumed and needs to be
calibrated in future.

The simulation attempted to replicate the underground con-
vergence behaviour shown in Figure 9. The simulated re-
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sults are shown in Figure 11 and the time-dependent nature
of the convergence is clearly visible. The rate of time-
dependent convergence decreases into the back area of the
stope similar to the underground observations (Malan and
Napier, 2017). This model is therefore clearly an improve-
ment on a simple elastic model and the viscoelastic ap-
proach which could not replicate this behaviour. Figure 12
illustrates the failed limit equilibrium elements (red) and the
intact elements (green).

(0,70) (120,70)

Region of limit equilibrium elements to simulate face crushing

; * A

P |os0) s (110,60)

: w

: Mined stope *C g
(10,10) (110,10)| |

100 m

o) T T 200

Fig. 10 - Geometry simulated

Table 1. Parameters used for the initial simulations

Parameter Value
Depth 2000 m
Mining height 3m
Young's modulus 70 GPa
Poisson's ratio 0.2
Intact seam strength 40 MPa
Intact seam slope parameter 7
Initial crush strength 40 MPa
Initial crush slope parameter <
Residual strength 1
Residual slope parameter 2
Interface friction angle 20°

Seam stiffness modulus 80000 MPa/m

Half-life 20 h

Based on this initial success to simulate the time-dependent
behaviour recorded in deep tabular stopes, this model is
currently being investigated further. Preliminary results not
described here indicate that the model appears useful to
simulate practical mining problems such as the effect of
mining rate (Napier and Malan, 2014) and the behaviour of
crush pillars in intermediate depth platinum mines (Du
Plessis et al, 2011). It is therefore a major improvement
when compared to the original elastic tabular simulation
tools. A major challenge remaining is calibration of all the
parameters shown in Table 1 for site-specific conditions.

SUMMARY
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Systematic rock mechanics research to understand the rock
burst problem in the South African gold mines was only
initiated in the early 1960’s. The first major breakthrough
was the understanding that the far-field rock mass behav-
iour can be approximated by elastic theory. This led to the
development of a number of simulation tools to determine
the stresses and displacement around these tabular excava-
tions. The MINSIM-type codes became very popular in
South Africa is it could efficiently solve irregularly shaped
tabular excavations on a mine-wide scale.

7
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Fig. 11 - Simulated time-dependent convergence at various
distances to face. This only shows the time dependent con-
vergence and not the initial elastic convergence
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Fig.12 - Failed elements (red) at the edge of the stope for

the simulation in Figure 10 at t = 24 hours. The intact ele-
ments are shown in green

A major drawback of these elastic codes was that it could
not solve phenomena associated with the extensive fracture
envelope surrounding the excavations. One example is the
effect of mining rate as the “creep-like” behaviour of the
fracture zone and associated time-dependent convergence
cannot be simulated using an elastic approach.

Earlier work indicated that a viscoelastic model is not suita-
ble to replicate the spatial behaviour of the convergence
recorded underground. A time-dependent limit equilibrium
model implemented in the TEXAN code appears to be a use-
ful alternative as it can explicitly simulate the on-reef time-
dependent failure of the reef seam. A key finding of recent
studies is that the model gives a good qualitative agree-
ment with the underground measurements. For both the
model and actual data, the rate of time-dependent conver-
gence decreases into the back area. It appears that such a
model, where the failure is restricted to the reef plane, will
provide significantly enhanced modelling capabilities to rock
engineers without sacrificing too much of the inherent sim-
plicity of an elastic tabular solver. Calibration of the consti-
tutive failure model nevertheless remains a significant chal-
lenge.
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A Combined Experimental (MICRO-CT) and
Numerical (FDEM) Methodology to Study Rock
Discontinuities Subjected to Shearing

Bryan S.A. Tatone, Geomechanica Inc., Toronto
Rocha Medal Lecture

ABSTRACT

Discontinuities are prevalent in most rock masses and rep-
resent planes of preferential deformation and fluid flow.
Shear displacements can significantly alter the hydrome-
chanical properties of discontinuities and, thus, the hydro-
mechanical properties of the entire rock mass. The im-
portance of the network of discontinuities in controlling rock
mass behavior has long been known and has led to an
abundance of research on discontinuity shear strength and
transmissivity. Although well-studied, key aspects of discon-
tinuity behavior and characterization have received lesser
attention, namely the evolution of asperity damage and
discontinuity void space morphology as a result of shearing.
In this paper, a methodology that combines the use of two
recent technologies (micro-X-ray computed tomography
and combined finite-discrete element modeling) is described
to study these aspects of discontinuity behavior.

1. INTRODUCTION
1.1 Problem statement

The shear strength and hydraulic behaviour of rock mass
discontinues have been extensively studied. However, a
topic that has received lesser attention is the collective in-
fluence of shear displacement and normal stress on asperity
damage and the overall fracture morphology. In particular,
there remains uncertainty regarding the kinematic mecha-
nisms responsible for the degradation of asperities and the
influence of this damage on the discontinuity geometry
(e.g., volume, aperture, surface area, and tortuosity).

An improved understanding of these mechanisms will be of
value to several areas of rock engineering and hydrogeolo-
gy, including those concerned with preventing shear dis-
placement (e.g., excavation, slope, and dam stability anal-
yses) and those concerned with changes in hydraulic
transmissivity resulting from shear displacement (e.g. long-
term radioactive waste repositories and reservoir stimula-
tion by hydraulic fracturing).

1.2 Limitations of previous studies

Although less common, there is a collection of previous
studies that have attempted to investigate asperity degra-
dation, asperity failure mechanisms, and the overall discon-
tinuity morphology as a result of shear displacement [1-9].
Unfortunately, these studies have been hampered in one or
more of the following ways:

(i) Limited or flawed experimental/numerical scope (e.g.,
limited discontinuity geometries, use of weak non-rock-
like replica material (UCS < 10 MPa), limited considera-
tion of damage evolution, and minimal crossover be-
tween experimental and numerical approaches);

(ii) Inconsistent or conflicting damage mechanism identifi-
cation (e.g., shearing, tensile cracking, crushing, rota-
tion, abrasion wearing, ploughing, gliding, grinding,
breaking, brittle failure, separation, and cut-off); and

(iii) Technological limitations (e.g., experimental studies
required opening of discontinuity or time consuming
hardening fluid injection and destructive sectioning to
observe morphology; conventional numerical methods
limited with respect to the ability to explicitly simulate
damage).
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These limitations have led to the recurring recommendation
for further study of discontinuities [10-11]. In particular,
the study of individual asperity failure mechanisms, changes
in the spatial aperture distribution (and contact area), influ-
ences of gouge material, and the redistribution of local
stresses throughout the shearing process have been noted
as requiring attention.

Despite such recurring recommendations, these topics have
remained largely unstudied due to the lack of appropriate
tools and methodologies to adequately investigate the pro-
cess. However, with experimental tools to quickly and non-
destructively observe internal damage and advanced nu-
merical tools to explicitly model fracturing becoming more
widely available, such studies can proceed.

1.3 Overview of adopted approach

The methodology presented herein was developed to over-
come many of the limitations of previous studies. The ap-
proach was two-facetted, including both experimental and
numerical components, which together provided new in-
sights regarding rock discontinuity asperity damage evolu-
tion and void space morphology.

As illustrated in Fig. 1, the experimental work involved the
direct shear testing of replicated discontinuity specimens
and subsequent uCT scanning to obtain 3D imagery depict-
ing the geometric changes to the specimen. Meanwhile, the
numerical work aimed to directly simulate the experimental
tests using the combined finite-discrete element method
(FDEM) to help understand the evolution of the stress state
in asperities and identify different asperity failure mecha-
nisms.

Material selection and
characterization

Experimental Numerical

FDEM modelling
Calibration I

Shear testing and
micro-CT analysis

Characterization of Validation

morphclogy

o Modelling
direct shear tests

% Conceptual model of Q

asperity degradation

Fig. 1 - Overview of work flow

The key to this two-facetted approach was the cross-
validation of the experimental and numerical results. In
particular, the pCT imagery of the sheared specimens was
used to validate the numerically simulated shear-displace-
ment response and associated damage patterns. And at the
same time, the numerically simulated stress conditions and
fracture modes were used to help interpret the failure
mechanisms responsible for damage observed in the
sheared specimens. Ultimately, by considering the experi-
mental and numerical results together, a new conceptual
model for asperity degradation could be established.

2. SELECTED REPLICA MATERIAL

The investigation of asperity degradation and failure mech-
anisms using direct shear specimens of natural rock discon-
tinuities is complicated by the inherent heterogeneity of
rock materials and the unique surface geometry of speci-
mens. The replication of discontinuity specimens using a
plaster-based or cement-based ‘rock-like’ material has been
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a common approach to obtain multiple specimens with the
same strength and surface geometry.

Although the mechanical behavior of a man-made material
will always differ from that of a natural rock, some materials
are mechanically more rock-like than others. One of the
shortcomings of prior studies was the use of relatively weak
replica materials or materials with UCS to elastic modulus
and UCS to Brazilian disc strength (BDS) ratios that fell out-
side the normal range for rock. In contrast, the microfine
mortar material employed for the current work was shown
to be mechanically similar to a limestone [12-13].

Table 1. Summary of material properties of mortar material
selected for rock fracture replication [12-13]

Material property Mean + standard

deviation
Water: binder ratio 0.3
Nominal grain size (um) 3tob
Brazilian disc strength, BDS (MPa) 2.6+0.53
Uagcgn&];:) compressive strength, 50344.17
Poisson's ratio 0.25+0.004
Dry density (g/em3) 1.7+0.021
Internal friction angle (°) 229
Cohesion (MPa) 16.4
Basic friction angle (°) 254434

The employed mortar is a commercially available product
comprised primarily of a blend of sulfate cement and calci-
um carbonate. The material is manufactured by King Con-
crete Products and retails in Canada under the name Flow-
stone. The mechanical properties of the cured material,
including the UCS, BDS, triaxial strength envelope, and
basic friction angle were characterized through standard
laboratory testing.

3. EXPERIMENTAL WORK
3.1 Test specimens

A suite of direct shear specimens with idealized (saw tooth)
and natural discontinuity surfaces were created using the
selected replica material (Fig. 2). A cylindrical shape (54
mm in diameter x 83 mm long) was adopted as it improved
the quality of the resulting uCT images and, consequently,
simplified image processing and analysis.

3.2 Direct shear testing

Direct shear tests of the replicated discontinuity specimens
were completed under constant normal loading conditions
with a displacement rate of 0.005 mm/s. For each specimen
geometry, separate specimens where sheared to 6 mm, 3
mm, and to a displacement corresponding to the peak shear
resistance. An example of shear test results for the serpen-
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tinite discontinuity geometry subjected to a normal load of
3 kN are shown in Fig. 3.

2 mm Grandte
oy e
R~
4 mm Limestone
= 8
. . =
7 ol
& mim Serpentinite l

Fig. 2 - Replicated saw-tooth and natural discontinuity sur-
faces

Shear Load, T (kM)

Normal load = 3 kN

E . D
| 14 —\—L
-]
(]
& B C
T T T T T v T T
Q 1 e 3 4 5 -]

Shear displacemant (mm)

Fig. 3 - Example of incremental direct shear test results
[12]

Upon reaching the desired shear displacement, and before
removing the normal and residual shear load from the spec-
imen, the 5 mm recess around the perimeter of the discon-
tinuity surface was filled with an epoxy adhesive to effec-
tively bond the halves of the specimen together. In doing
so, the relative position of the two specimen halves could be
maintained while relocating the specimen to a pCT cabinet
for scanning.

3.3 pCT image acquisition and analysis
Over the last decade, PCT has emerged as a popular ap-

proach to characterize the internal structure of geomateri-
als. uCT images capture the internal variation of X-ray at-
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tenuation that is directly related to material thickness, den-
sity, and elemental composition. Given the sharp density
contrast between intact geomaterials and void space (i.e.,
pores and fractures), uCT imaging is ideal for examining the
discontinuities in the direct shear specimens without sepa-
rating them.

The pCT system employed in the current work was a Phoe-
nix X-ray V|tome|x system manufactured by General Elec-
tric Sensing and Inspection Technologies and located within
the Department of Civil Engineering at the University of
Toronto (Fig. 4.). Fig. 5 displays an example of the pCT-
derived specimen damage evolution. Each image in the fig-
ure corresponds to the incremental shear displacements in
Fig. 3 (i.e., pts. A-D).

Fig. 4 - Phoenix V|tome|x uCT scanning system [12, 14]

Serpentinite 0 mm shear
displacement
(Point A)
Normal load = 3 KN =
e
Py I E
@ Peak g
(Point B) l;i
2
o
o
£=
v
3mm .g
(PointC) B
2
6 mm
(Point D)
Y

Fig. 5 - Example of damage evolution over central 10 mm
width of sheared specimens, as captured via uCT imaging
[12]

Through additional uCT image processing and analysis, sev-
eral quantitative measurements of fracture morphology
were obtained. Using a collection of new plug-ins and mac-
ros within the open-source software package FIJI, meas-
urements of the mean fracture aperture, fracture surface
area and spatial aperture distribution were obtained. Fig. 6
illustrates an example of these image-based 14 measure-
ments for the discontinuity void space in a ‘sawtooth’ spec-
imen subjected to 6 mm of shear displacement. Additional
examples and details regarding the image analysis of the
WUCT imagery of the direct shear samples can be found in
Tatone [12] and Tatone and Grasselli [14].

(a)

Shear displacement = 6 mm
Normal load = 2kN

Void voxels: 5.8e6

Void volume: 5857 mm?

Cross sectional area: 2755 mm
Mean fracture aperture: 5857 / 2755 = 2.1 mm
Total surface area: 14373 mm?

Fracture surface area: 14373 - 349 = 14024 mm?

2

(b) ._Shear direction -

* Sgngten Yogarcy Mt thes
Turuistnm Ympercy oo

Ao e |
I F 1181 .

8588388 §Efectve

| e

Fig. 6 - Image-based measurements for a ‘saw-tooth’ spec-
imen sheared 6 mm under a normal load of 2 kN [after 14].

4. NUMERICAL WORK
4.1 FDEM

The modeling of direct shear tests was performed using the
hybrid finite-discrete element (FDEM) code, Y-Geo [15-16].
The explicit formulation is capable of simulating the interac-
tion of discrete bodies with rough surfaces, fracture initia-
tion, and fracture propagation. It follows that complex non-
linear macroscopic stress-displacement behavior emerges
as the result of a collection of simple micro-scale interac-
tions and fracturing. Thus, the need for an empirical yield
criterion is eliminated [17, 7]. Further details regarding the
fundamental principles of the Y-Geo FDEM code can be
found elsewhere [15-16, 18].

4.2 Calibration

A comprehensive calibration procedure was employed to
derive the laboratory-scale input parameters for the direct
shear test simulation in Y-Geo [18]. Using a combination of
UCS, BD, and biaxial simulations, a set of values for the

TA NEA THZ EEEEI'M - Ap. 109 — AEKEMBPIOZ 2017

Zelida 11



input parameters controlling the intact strength, including
the interaction of elements and the fracturing of crack ele-
ments was established. This combination of input parame-
ters yielded simulated UCS and BD strengths and a simulat-
ed triaxial strength envelope that closely matched those
measured in the laboratory (Fig. 7). Moreover, this combi-
nation of parameters resulted in fracture patterns that were
in agreement with those observed in laboratory specimens.

(3)3
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I Eroken crack elements (Mode | domnated)
] Ercken crack elements (Mode I/ cominated)
30+ 125
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Fig. 7 - FDEM calibration results for the mortar material
used to replicate discontinuity specimens [modified from 12,
18]

Using the final calibrated input parameters, subsequent
forward modelling of direct shear specimens with other dis-
continuity geometries could be completed with much great-
er confidence.
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4.3 Direct shear test simulations

With the intact material properties assigned via the calibra-
tion process, the laboratory direct shear simulations could
be simulated numerically. In doing so, the failure pattern,
failure mode, and the associated stress conditions could be
further examined. To construct the 2D FDEM models, repre-
sentative 2D profiles were selected from the 3D discontinui-
ty surfaces (e.g., Fig. 8a). These profiles were obtained
from locations that experienced the greatest concentrations
of asperity damage in laboratory tests and, thus, dictated
the overall direct shear response.

a)
Profile 2

Profile 1

{b} : ! Serpentinite

it 03

| BN K5 BX SR K B B B AN

R aaaal

shtle ke cde whobe

heafboi

Steel s
E =193 GPa, v=0.3, p= 8030 kg/m”’
Dutpet hiftoey pointl
1 = howrzontal force S - wistical velocity
25 - horzonial farce Gy - WITICE! velocity
3o - horzoniad force = werhical wetocity

Ta
dg - horizontal welocity  8g - wartical slress

Fig. 8 - (a) Location of 2D profiles on 3D serpentinite sur-
face; (b) Example of 2D direct shear simulation geometry,
mesh topology, boundary conditions, and data output points
for profile 2 [modified from 12]

Varying normal loads were simulated by applying an ele-
ment surface pressure along the central portion of the up-
per shear box (e.g., Fig. 8b). This surface pressure was
applied in gradual manner to quickly obtain a steady state
stress condition. Afterwards, a constant rate of shear dis-
placement was applied to the lower half of the direct shear
box, while the upper half of the shear box was held station-
ary in the horizontal plane. The output history points la-
belled 1 through 8 were used to monitor the shearing pro-
cess, including the load-displacement, and dilation-dis-
placement response.

The simulated shear resistance, in terms of the instantane-
ous friction angle, and dilation as a function of shear dis-
placement for the model depicted in Fig. 8 are displayed in
Fig. 9 alongside the corresponding laboratory results. The
corresponding simulated Mode-I-dominated asperity dam-
age and void space morphology as a function of shear dis-
placement is illustrated in Fig. 10.
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Fig. 9 - Example of simulated direst shear test results for
the serpentinite discontinuity geometry displayed in Fig. 8

With regard to the similitude between numerical and labora-
tory results, the peak shear resistance, dilation and crack
patterns were generally in good agreement for up to 2 mm
of shear displacement. In contrast, the shear stiffness,
post-peak shear resistance, and crack pattern at large dis-
placements varied from that observed in laboratory speci-
mens.

The most striking feature of the simulated shear resistance-
displacement plot is the erratic nature of post-peak re-
sponse beyond 2 mm of shear displacement. This response
is attributed to unstable crack propagation events which
rapidly release built-up asperity stresses. In the laboratory,
such stresses are rapidly and nearly seamlessly redistribut-
ed to other contact areas over the width of the specimen.
However, in a 2D FDEM model, stresses can only be redis-
tributed within the modelled cross-section. Thus, the pro-
gressive formation of new fractures can result in sudden
losses of shear resistance until new asperity contacts are
established with continuing shear displacement.

With the redistribution of stresses occurring across the
modelled cross-section only, it follows that asperity damage
is also restricted to the modeled cross-section. As a result,
the degree of simulated asperity damage begins to exceed
that observed in laboratory specimens at shear displace-
ments greater than 2-3 mm. This discrepancy further inten-
sifies as shear displacement increases.

5. DISCUSSION OF ASPERITY DAMAGE EVOLUTION

With the laboratory direct shear test results and pCT image-
ry, it was possible to identify the limitations of adopting a
2D FDEM approach to model discontinuity shearing. Most
importantly, the pCT imagery helped avoid invalid interpre-
tations of asperity damage mechanisms based on numerical
results alone. Given that the results of FDEM direct shear
test simulations were in good agreement with laboratory
observations over the first 2-3 mm of shear displacement,
this portion of FDEM simulations could be used to help un-
derstand the evolution of asperity stress conditions and
damage.

Here, the stresses within a group of elements in the center
of one of the 2 mm ‘saw-tooth’ asperities tested under a

constant normal load of 2 kN are assessed (Fig. 11a-inset).
By computing the average major and minor principal
stresses, ol and o3, for these elements over the initial 1
mm of simulated shear displacement, the stress path up to
failure for this asperity was plotted (Fig. 11a). The simulat-
ed crack patterns, principal stress distributions, and princi-
pal stress trajectories at points along this stress path are
illustrated in Fig. 11b. The generality of this simulated
stress and asperity damage evolution is supported by the
similar asperity crack patterns observed in pCT imagery
(Fig. 5 and Fig. 12)

Fig. 10 - Example of simulated damage evolution in serpen-
tinite direct shear specimen [modified from 12]

Upon initiating shear displacement, both principal stresses
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are compressive (Fig. 11a). However, with very little dis-
placement, o3 begins to decrease and transitions from a
compressive to tensile stress. As o; approaches the tensile
strength of the material, the first tensile fractures initiate
(Fig. 11b, i). Following initiation, the stress path becomes
cyclic with o3 alternating between tensile and compressive
stress states as the asperity progressively breaks down
(Fig. 11b, iii-v). Upon complete failure of the asperity (e.g.,
Fig. 11b, vi), the principal stresses within the selected ele-
ment go to zero.
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Fig. 11 - (a) Evolution of stress state and (b) asperity dam-
age with shear displacement [modified from 12]

Inspection of the principal stress trajectories helps explain
the orientation of fracturing (Fig. 11b, i-vi). Tensile frac-
tures initially form parallel to the direction of o;, which is
perpendicular to the contacting interface (Fig. 11b, ii). As
these initial cracks propagate, the stress trajectories ahead
of the crack tip begin to rotate (Fig. 11b, iii-iv). This stress
rotation ahead of the crack tip causes further crack propa-
gation to follow a new trajectory that is approximately 120
degrees counter-clockwise from the initial fracture trajecto-
ry (Fig. 11b, v). This new crack trajectory directs the prop-
agating tensile fractures back towards the discontinuity in-
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terface. If the tensile fractures reach the discontinuity inter-
face, the asperity becomes completely detached and subject
to rotation and further breakdown with additional shear
displacement. Alternatively, shear fractures continue to
develop within the asperity and link the existing tensile frac-
tures together forming a pseudo-continuous shear planes
across the base of asperities.

zmmmn-wmm e

Fig. 12 - CT imagery showing fracture patterns in of speci-
mens with ‘saw-tooth’ and natural discontinuity geometries
[modified from 12]

6. GENERALIZED CONCEPTUAL MODEL

Based on the experimental observations together with the
results of the 2D-FDEM simulations, a generalized concep-
tual model for the degradation of an asperity subjected to a
shear loading was developed (Fig. 13). The model is com-
prised of Stages 0 to 5, each of which, bridge different
stages of a direct shear test. The model is considered valid
over an intermediate range of normal loads where shear
displacement is accommodated by a combination of sliding
and brittle fracturing of asperities. It should be noted that
this range will vary according to the intact strength of the
discontinuity walls. Descriptions of the stages of asperity
degradation are as follows:

e Stage 0 - Initial configuration of the discontinuity prior
to any shear displacement.

e Stage 1 - As sliding initiates, frictional forces along con-
tacting faces generate tensile stresses within asperities.
A tensile fracture perpendicular to the contact area and
parallel to the maximum principal stress orientation ini-
tiates when the tensile strength is exceeded.

e Stage 2 - Increasing shear displacement leads to the
development of additional tensile fractures and the ex-
tension of existing fractures.

e Stage 3 - With further shear displacement, the slender
lengths of intact material delineated by tensile fractures
begin to rotate. This rotation is accompanied by a rota-
tion of the principal stress orientation ahead of the frac-
tures which causes their trajectory to change. Concur-
rently, the slender lengths of intact material are com-
pressed along their long axis, resulting in the formation
of shear cracks that transect the asperities.

e Stage 4 - With additional displacement, the tensile frac-
tures, following their new trajectory, grow until reaching
the original discontinuity interface. Concurrently, shear
cracks continue to link existing cracks together further
reducing the ability of the asperity to resist shear dis-
placement.

e Stage 5 - At this point, a combination of tensile and
shear fracturing has extended across the base of the as-
perity. Hence, further shear displacement can proceed
along an effectively flattened interface. At this point, the
contribution of the asperity to the overall shear re-
sistance has been reduced to the frictional resistance
amongst the gouge material.
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Fig. 13 - Five stage conceptual model of asperity degrada-
tion and its relationship with the different stages of a di-
rect shear test [modified from 12]

7. CLOSING

This article has described a methodology to study rock dis-
continuity asperity degradation as a function of shear dis-
placement and varying normal load. A two-facetted ap-
proach involving laboratory testing and CT image analysis
combined with numerical modelling was presented.

From CT imagery of direct shear specimens sheared to dif-
ferent incremental shear displacements, the evolution of
asperity damage and discontinuity void space geometry
with shear displacement was qualitatively and quantitatively
characterized. The simulation of the laboratory direct shear
tests using a 2D FDEM approach revealed that this type of
numerical modelling can reasonably reproduce the experi-
mentally observed progressive degradation of asperities.
The simulated shear resistances and dilations as a function
of shear displacement were found to display the same gen-
eral behaviour as that measured in laboratory tests. While
the simulated peak shear resistance and dilations showed
very good agreement with laboratory observations, the
shear stiffness and gradual post-peak decrease in shear
resistance displayed notable differences related to the con-
sideration of 2D cross-sections instead of 3D surfaces.

Overall, an improvement in the understanding of the link
between the damage observed in CT images and the corre-
sponding stress conditions was achieved. In particular, the
relationship between the observed asperity fracture pattern
and the magnitude and orientation of the principal stresses
was established. Tensile failure was identified as the domi-
nant failure mechanism with shear failures playing a sec-

ondary role. Based on these findings, a generalized concep-
tual model for the breakdown of asperities was proposed.
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Min. Sci. 75(0): 56-72.

(ISRM News Journal, Volume 20, December 2017, pp. 53-
60,

https://www.isrm.net/fotos/gca/1521878070isrm newsjour
nal 2017 site.pdf)
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SIMSG [] ISSMGE

Professor Mario e. Manassero elected as
ISSMGE Vice -President for Europe

Dear colleagues,

It is indeed a great honour and a pleasure to be appointed
Vice-President for Europe of the ISSMGE. Moreover, I hope
to be up to the expectations of all the ISSMGE members,
and in particular of those of the European Group. However,
I would like to assure all of you that I will put the utmost
commitment and dedication into doing my job over the next
four years.

In order to further improve and strengthen the ISSMGE
within its broad activity spectrum, it is my intent to follow
the addresses that were proposed by our new president,
Professor Charles Ng, and were subsequently approved by
the Board during its first meeting in Seoul on the 19™ of
September 2017.

Three main action areas were identified during the meeting,
i.e., education, innovation and diversities. In light of this
framework, the rest of this message will be devoted to illus-
trating the activities for the European Region I have planned
to develop during my mandate.

I served ISSMGE from 2001 to 2014 as Chair of the Techni-
cal Committee on Environmental Geotechnics (formerly TC
205 and then TC 215). Therefore, within the Innovation
Area, it will be rather straightforward for me to devote sig-
nificant efforts towards promoting initiatives and events in
the fields of Environmental Sustainability, Geo-Energy, Bio-
Technologies, Subsoil Pollutant Control and Remediation
Technologies, in order to further enhance the role of geo-
technical engineering in these advanced scientific research
and technology fields.
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The European Region plays a pre-eminent role in the Educa-
tion Area, since eleven Technical Committees are included
in this ISSMGE region. Moreover, it is worth noting that the
Hellenic Geotechnical Society for Soil Mechanics and Geo-
technical Engineering hosts the TC 306 Technical Committee
on Geo-Engineering Education. Therefore, it will be my
duty, among many others in this area, to follow the TC 306
work very closely and to pay particular attention to it.

The Area of Diversities, as defined by the new president of
ISSMGE, has a broad meaning, since it includes populations,
societies, countries, regions, companies and, last but not
least, gender and age of the ISSMGE members. Therefore,
among the broad list of activities to be carried out it is
worth mentioning: 1) the role that our society has played
and must play in the future to provide its fundamental sci-
entific and technical support towards updating and possibly
improving the Geotechnical and Seismic Eurocodes (ETC 7
and ETC 8); 2) the organization of the annual European
Young Geotechnical Engineering Conference (EYGEC), which
is now approaching its 27" edition (Graz, Austria, 2018),
and last but not least, 3) the highly demanding proposal of
establishing and/or improving communications and relation-
ships within the Mediterranean area, between the African
and European Geotechnical Communities.

This latter purpose is closely related to one of the funda-
mental roles of any scientific and technical community, that
is, to promote links, communications and discussions
among scientists and technicians from different countries, in
spite of difficult social and political situations. ISSMGE has
always been very active in this field, since one of the main
aims that drives Geotechnical Engineering is that of improv-
ing the safety and quality of the life of populations through
natural risk mitigation, environment safeguarding and civil
progress enhancement, among others.

In conclusion, with the help of the whole Geotechnical
Community and, in particular, of the European Members of
ISSMGE, I hope I can make good progress in all the afore-
mentioned activities, in spite of the highly demanding tar-
gets and of the difficult social and economic conditions that
still persist in some countries of the ISSMGE European Re-
gion.

Mario e. Manassero

O3

ISRM

Prof. Resat Ulusay elected as th e next ISRM
President 2019-2023

Two nominations for President of the ISRM for the term
2019-2023 were received: Prof. Regt Ulusay (nominated
by Turkey) and Prof. Jian Zhao (nominated by Singapore).

The election took place during the Council meeting in Octo-

ber, during AfriRock 2017, and Prof. Regt Ulusay was
elected as the next ISRM President. He will start his term of

p- 1] 17



office after the 14th International Congress of the ISRM,
which will take place in Foz do Iguacu, Brazil, in 2019.

ISRM News Journal, Volume 20, December
2017

www.isrm.net

ANNUAL REVIEW 2017 TECHNICAL PAPERS

« AFRIROCK 2017 IN CAPE TOWN « FRANKLIN LECTURE
« PRESIDENT'S ADDRESS « ROCHA MEDAL LECTURE
+ BOARD AND COUNCIL MEETINGS «INVITED LECTURE
« SECRETARY-GENERAL"S REPORT

ISRM COMING EVENTS
« NEW FELLOWS AND AWARDS

+ SPONSORED CONFERENCES MEMBERSHIP

Dear ISRM Member

The Volume 20, December 2017 issue of the ISRM News
Journal is now online on the ISRM website. Since 2012 the
ISRM distributes the News Journal to all members in elec-
tronic version, and prints copies which are available at our
sponsored symposia.

The News Journal includes news from the society life, in-
cluding board and regional reports, commission work, con-
ference and symposia reports and papers from awarded
members, among other content. Click here to read it direct-
ly on our website or to download it.

Best regards

Luis Lamas
ISRM Secretary General

https://www.isrm.net/fotos/gca/1521878070isrm newsjour
nal 2017 site.pdf
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EAAnviknA EmiTtponn Enpayymv kai Ynoyeinv ‘Epywv
(E.E.2.Y.E.)

TO NEO AIOIKHTIKO XYMBOYAIO THZ E.E.Z.Y.E.

'Eneira and TIG ekKAOYEC TNG MevikAg SuvéAeuong TG 12n¢g
TouAiou 2017, kata Tnv 1n OUVEAEUON TWV EKAEYEVTWV ME-
A®V TNV 25n IouAiou 2017, opioTnke opnd@wva n ouykpoTn-
on TOU VEOU OWMATOG TNG EMITPONNG. To VEO AIOIKNTIKO ZUp-
BoUAIo TnG E.E.Z.Y.E. nou npoékuye, yia TPIETH BnTeia, €xel
TNV akoAoubn opydavwon:

MNpoedpoc: Iwavvng dikipng, MoA. Mnxavikog
AvTINpoedpoc: AnunTpiog AMIQpaykng, MoA. Mnxavikog
lev. MpappaTéag: AnunTpiog Aitoag, MoA. Mnxavikog
Tapiag: Eudyyelog MepyavTtnig, MoA. Mnxavikog

Ekd0Tpia AEATIOY ZHPAITQN: MapiAia MnaAaon, MNMoA. Mn-
XAVIKOG

MéAog: AnunTpiog Manndg, MoA. Mnxavikog

Méhog NikoAaog Pouooog, MeT. Mnxavikog

EkAExOnkav eniong oTig ekAoyEG wG “EEeAeykTIKN Kal E@ope-
uTIKn EmiTponn” ol:

MNouTa-MnTpa MNapaockeun

Mnakoylavvng Iwavvng

PantonouAog STalpog

(To AeATio Twv =npdyywv / EEZYE, NoguBpiog 2017, oeA. 1,
https://www.eesye.gr)

O3 D

In Memory of
Prof. Richard Z.T. Bieniawski

Tnv 11-12-2017 aneBiwoe oTnv oikia Tou o MoAwvog kadn-
ynTig Richard Z.T. Bieniawski (1936 - 2017). O R. Bieniaw-
ski unnp&s piIa ano TIC ONUAVTIKOTEPEG NPOCWNIKOTATEG TNG
Bpaxounxavikng Tou 20 aiwva.
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O Bieniawski onoudace Mnxavikog Alhevikwv Epywv otnv
MoAwvia kal akoAoUBwWG CUVEXIOE TIC onoudEg Tou oTn NOTI-
a AQpikn, 6nou ano@oitnoe apxikd wg MnxavoAoyog Mnxa-
VIKOGC Kal akoAoUBwG €AaBe d10akTopIkO dIiNAWKaA PE aVTIKEI-
MEVO TN HNXAVIKA O€ UNOYEIa JETAAAEUTIKA £pya.

AvENTUEE TO YVWOTO 08 OAouUG pag ZuoTtnua Kataraéng Bpa-
xopalac RMR nou xpnaidonolgital o€ OAo Tov KOO0, HETAEU
AAwV, o€ PHENETEG ONPAYYWYV, unoyeiwv €pywyv KTA. To ZU0o-
TAMa RMR ouvdualel OAEC TIC ONMAVTIKEG YEWAOYIKEG / YEW-
TEXVIKEG NAPANETPOUG Nou ennpealouv To oxedlaoud unoyei-
WV EPYWV Kal TIC NAPAUETPONOIEI PE TETOIO TPOMO WOTE va
Mnopouv dueoa va xpnoigonoinbouv oTo oxediaouod Kal Tnv
KATAOKEUN UMNOYEIWV £pywV.

Aidage vyia 20 xpovia orto MavenmiotrApio TnG MevouABaviag
Twv HIMA kal ouvta&iodoTrnBnke ota 60 xpovia, £EXovTag Yivel
kal Eniokéntng KadnynTng oto MNaveniotriuio Tou Cambridge
TnG AyyAiag. Anpoociguoe nepi Ta 20 BiBAia, eva ol dnUoalel-
osI1g Tou Eengpvolv  TIg 200 o enioTNUOVIKA neplodika. Mia
ano TIG TeAeuTaieg Tou JIAAEEEIC NpayuaTonoinénke aTo €TN-
aglo d1eBveg ouvedplio WTC2014 tng ITA orn Bpalihia otnv
KEVTPIKN oOpIAia Tou ouvedpiou pe TiTAO «QUO VADIS
TUNNEL ENGINEERING? PREDICTING THE UNPREDICT-
ABLE".

(To AeATio Twv =npayywv / EEZYE, Iavoudpiog 2018, oeA.
21-22, https://www.eesye.gr)

Obituary

Prof. Richard Z.T. Bieniawski, 81, of Prescott, Arizona, died
Monday, Dec. 11, 2017, at his home. He was born Oct. 1,
1936, in Krakow, Poland. Dr. Hon. Causa (Madrid, Spain),
Dr. Hon. Causa (AGH, Krakow, Poland), Ph.D. M. Sc. Distin-
guished Professor (ret.) and President, Bieniawski Design
Enterprises, Prescott, Arizona.

In 1996, Prof. Bieniawski retired from Penn State on his
60th birthday to Prescott, having become Visiting Professor
of Design Engineering at the University of Cambridge, Eng-
land. Recognizing his academic achievements and profes-
sional services to the engineering community, the Universi-
ty of Madrid, Spain, honored him with the award of Doctor
Honoris Causa and Distinguished Professorship in the
claustro estraordinario (council of Spanish professors) on
Oct., 1, 2001 (his 65th birthday). Subsequently, a lecture
hall (la Aula) was named after him by the University of Ma-
drid, and a Scholarship and an annual Prize in his name,
were established by an industrial sponsor.

In 2010, the AGH University of Science and Technology in
Krakow, Poland, the city of his birth, honored him with the
award of Doctor Honoris Causa and Visiting Professorship.

Prof. Bieniawski was trained as a naval architect and marine
engineer in Poland, graduated in South Africa as mechanical
engineer and obtained a doctorate in mining and tunnel
engineering. In the process he invented a world-famous
Rock Mass Rating (RMR) system used extensively today in
tunnel design and construction.

The author of 12 books and over 200 research publications,
Prof. Bieniawski especially enjoyed teaching during his 20
academic years at Penn State, particularly to freshman stu-
dents in mechanical engineering, STS (science, technology,
and society) and to seniors and graduates in mining engi-
neering. He was named the Best Teacher at Penn State by
Leonard Center for Enhancement of Engineering Education
and became the only Penn State professor ever to win the
academic “Triple Crown” of visiting Professorships at Stan-
ford, Harvard, and Cambridge, England.

After his “retirement” to Prescott, which he called “renais-
sance living,” Prof. Bieniawski wrote three new books, but
none of them technical; they were: a fantasy story for his
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eldest grandson, a non-fiction discourse on renaissance
retirement, and ... a murder mystery novel in academic set-
ting. For many years, he volunteer taught at the Yavapai
College in subjects such as foreign policy and the interaction
of science and religion.

A registered professional engineer, Prof. Bieniawski was also
commissioned a Navy lieutenant after four years of military
training. But few know that in his youth he was an actor
and theater director, made two scientific movies, managed
a volleyball team which won a provincial championship and
became the only Distinguished Toastmaster in South Africa-
excelling in communication and leadership.

Prof. Bieniawski’s hobbies were genealogy, studying Span-
ish language and culture, foreign affairs, and hiking Prescott
trails. With Elizabeth, his wife of over 50 years -- who is a
historian and library science professional -- Prof. Bieniawski
is the proud parent of three sons and eight grandchildren.
Favorite quotation: “Enthusiasm is the greatest asset in the
world; it beats money, power, and influence.” (Henry Ches-
ter)

There will be a Mass of Christian Burial 10:30 a.m. on Fri-
day. Jan. 5, 2018, at the Sacred Heart Catholic Church 150
Fleury Ave., Prescott, with burial to follow at the Heritage
Memorial Park Cemetery, 12000 Heritage Memorial Lane,
Dewey. Please visit www.heritagemortuary to sign Richard’s
online guest book. Services entrusted to Heritage Memory
Mortuary.

(https://www.dcourier.com/news/2018/jan/03/obituary-
prof-richard-zt-bieniawski/)
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NMPOZEXEI2>
FEQTEXNIKEZ
EKAHAQZEIZ

Ma TIG NaAaIOTEPEG KATAXWPNOEIG NEPITTOTEPEG NMANPOPOPI-
€G pnopoUv va avalntnBouv oTta nponyoUueva TeUXn Tou
«MePIOdIKOU» KAl OTIG NAPATIBEUEVEG I0TOOEAIDEG.

5t International Course on Geotechnical and Structural
Monitoring, 22 - 25 May 2018, in Rome
www.geotechnicalmonitoring.com

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

4th GeoShanghai International Conference, May 27-30,
2018, Shanghai, China, http://geo-shanghai.org

micro to MACRO - Mathematical Modelling in Soil Mechanics,
May 29-June 1, 2018, Reggio Calabria, Italy,
www.microtomacro2018.unirc.it

GeoReinforcement Workshop, 4 - 5 June 2018, Munich,
Germany, https://igs.wufoo.com/forms/q10dk31u19dx00v/

International Conference on Deep Foundations and Ground
Improvement - Urbanization and Infrastructure Develop-
ment: Future Challenges, June 5-8, 2018, Rome, Italy,
www.dfi.org/dfieventlp.asp?13310

GeoBarrier Workshop, 6 - 7 June 2018, Munich, Germany,
https://igs.wufoo.com/forms/q10dk31u19dx00v/

XVI Danube-European Conference on Geotechnical Engi-
neering: Geotechnical Hazards and Risks: Experiences and
Practices, 7 - 9 June 2018, Skopje, Former Republic of Yu-
goslav www.decge2018.mk

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

www.1l6ecee.org

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

www.cptl8.org

PATA DAYS 2018 - 9th International INQUA Meeting on
Paleoseismology, Active Tectonics and Archeoseismology,
24-29 June 2018, Chalkidiki, Greece,
www.patadays2018.org

NUMGE 2018 9th European Conference on Numerical Meth-
ods 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

ICOLD 2018 26"™ Congress - 86™ Annual Meeting, 1 - 7 July
2018, Vienna, Austria, www.icoldaustria2018.com

9th International Conference on Physical Modelling in
Geotechnics (ICPMG 2018), 17-20 July 2018, London, UK,
www.icpomg2018.london
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ICSSTT 2018 - 20th International Conference on Soil Stabi-
lization Techniques and Technologies, July 19 - 20, 2018,
Toronto, Canada,
https://waset.org/conference/2018/07/toronto/ICSSTT

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.unsat2018.0rg

China- Europe Conference on Geotechnical Engineering, 13-
16 August 2018, Vienna, Austria, https://china-euro-
geo.com

CRETE 2018 6th International Conference on Industrial &
Hazardous Waste Management, 4-7 September 2018,
Chania, Crete, Greece, www.hwm-conferences.tuc.gr

EUCEET 2018 - 4th International Conference on Civil Engi-
neering Education: Challenges for the Third Millennium, 5-8
September 2018, Barcelona, Spain,
http://congress.cimne.com/EUCEET2018/frontal/default.asp

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

26th European Young Geotechnical Engineers Conference,
11 - 14 September 2018, Reinischkogel, Austria,
www.tugraz.at/en/institutes/ibg/events/eygec

11th International Conference on Geosynthetics (11I1CG), 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.chalk2018.0rg

International Symposium on Energy Geotechnics SEG -
2018, 25-28 September 2018, Lausanne, Switzerland
https://seg2018.epfl.ch

HYDRO 2018 - Progress through Partnerships, 15-17 Octo-
ber 2018, Gdansk, Poland, www.hydropower-
dams.com/hydro-2018.php?c id=88

GEC - Global Engineering Congress Turning Knowledge into
Action, 22 - 26 October, London, United Kingdom,
www.ice.org.uk/events/global-engineering-congress

ARMS10 - 10th Asian Rock Mechanics Symposium, ISRM
Regional Symposium, 29 October - 3 November 2018, Sin-
gapore, www.arms10.org

ACUUS 2018 16th World Conference of Associated research
Centers for the Urban Underground Space “Integrated Un-
derground Solutions for Compact Metropolitan Cities”, 5 - 7
November 2018, Hong Kong, China, www.acuus2018.hk

International Symposium Rock Slope Stability 2018, 13-15
November, 2018, Chambéty, France,
www.c2rop.fr/symposium-rss-2018

GeoMEast 2018 International Congress and Exhibition:
Sustainable Civil Infrastructures, 24 - 28 November
2018, Cairo, Egypt, www.geomeast.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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14th international Conference “Underground Construc-
tion”, 3 to 5 June 2019, Prague, Czech Republic,
WWW.ucprague.com

2019 Rock Dynamics Summit in Okinawa, 7-11 May 2019,
Okinawa, Japan, www.2019rds.org

VII ICEGE ROMA 2019 - International Conference on
Earthquake Geotechnical Engineering, 17 - 20 June 2019,
Rome, Italy, www.7icege.com
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NAICONHIC

2nd International Conference on
Natural Hazards and Infrastructure
23-26 June 2019, Chania, Crete Island, Greece
https://iconhic.com/2019/conference

We are delighted to invite you to Chania, Greece for the
“"2nd International Conference on Natural Hazards and In-
frastructure”.

This second conference will build upon the encouragement
received during ICONHIC2016 aiming to make the extra
mile towards Infrastructure Resilience. It is currently well
understood that protection against extreme events is not
served by the “stronger is better” principle. Apart from sev-
eral scientific evidence disproving the adequacy of such a
concept, building stronger structures has no impact in pro-
tecting existing infrastructure. On the contrary, the latter is
asked to serve more needs stemming from the expansion of
populations in urbanized reasons, at a time when ageing
reduces its capacity. Further to that, both the frequency and
intensity of extreme natural events are augmenting.

Although it is essential to act now, It is obvious that no sin-
gle discipline can undertake the action. That is why
ICONHIC2019 aims to bring all stakeholders on the same
floor. We need to work together and understand each other.
Engineers, financers, insurers, and policy makers must ex-
change experience in order to set a robust and viable trace
towards our future actions.

To achieve this goal, our conference will include panel dis-
cussions among different stakeholders, excellent keynote
lectures, special and theme sessions in what we hope to be
a most lively event encouraging discussion on challenging
topics.

CONFERENCE HIGHLIGHTS

e Infrastructure Protection is an international headline
and every developed economy acknowledges the issue -
but the bigger question is, are there practical solu-
tions?

® Promoting a Game shift: Protecting infrastructure
from extreme events calls for an integrated approach
considering the correlated nature of hazards and cascad-
ing effects.

e In a time of augmented need for interdisciplinary
effort this conference aims to bring together actors
from different fields in order to promote “out of the box”
thinking and cross-fertilization.

e Disruptive Panel Discussions, Stimulating Ses-
sions, and a plethora of bilateral meetings are ex-
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pected to create a unique environment to promote pio-
neering ideas

CONFERENCE THEMES
CROSS-CUTTING TOPICS

Hazard Prediction, Warning and Risk Management
Strengthening Tools & Mitigation Strategies

Vulnerability Assessment, Risk Planning & Uncertainties
Multi-Risk Decision Support Methodologies

Assessment and Prediction of Natural Hazards from Satellite
Imagery

Remote sensing for natural disasters: Challenges and Op-
portunities

Moving Towards Climate-Resilient and adaptive Infrastruc-
ture Systems

Integrating Disaster Risk into Life-Cycle Management of
Infrastructure Systems

Resilience of infrastructure networks: from perturbation to
recovery

EARTHQUAKES & LANDSLIDES

Engineering Seismology & Ground Motion Simulation
Assessment, Analysis and Retrofitting of Structures

Aging Infrastructure and future Earthquakes: Concrete,
Steel and Masonry Structures

Seismic Design of Foundations and Underground Structures
Soil-Structure Interaction

Ground Failure & Liquefaction: Analysis and effects on
Structures and Lifelines

Isolation and Energy Dissipation Devices

Protection of Historical Structures against Seismic Hazards
Landslides Prevention and Mitigation: Design Practice and
New Concepts

Instrumentation and Remote Sensing

Offshore Landslides and effects on submarine Structures
and Pipelines

Earthquake/Flood induced Landslides: Analysis and Model-
ing

CLIMATE CHANGE & FLOODING

Flood Risk Management and Risk Reduction Strategies
Flood Forecasting, Modelling and Flood Control

Natural & Engineered Defenses and Vulnerabilities

Urban Drainage Infrastructure and Performance

Dikes, Levees and Dams: studying Failures and proposing
Strategic Solutions

Storm Surges, Tsunamis and Sea Level Rise

Strong Winds, Storms, Hurricanes and Tropical Cyclones
Impact of Extreme Weather on Critical Infrastructure
Drought impacts on Infrastructure Service Delivery

Contact:

The 2nd International Conference on Natural Hazards &
Infrastructure

ICONHIC Co.

Efesou 15, 11252 Athens, GREECE

Tel. +30 210 7723383

email: secretary@iconhic.com

(C2 4.0

IS-GLASGOW 2019 - 7th International Symposium on De-
formation Characteristics of Geomaterials, 26 - 28 June
2019, Glasgow, Scotland, UK, https://is-
glasgow2019.0org.uk
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cmn 2019 -Congress on Numerical Methods in Engineering,
July 1 - 3, 2019, Guimaraes, Portugal, www.cmn2019.pt

For additional information, please contact the secretariat of
the congress, Ms. Lara Leite

CMN2019, Universidade do Minho, Departamento de
Engenharia Civil, 4800-058 Guimardes - Portugal

Email: cmn2019@civil.uminho.pt

Telephone: +351 253 510 748

Fax: +351 253 510 217

The 17th European Conference on Soil Mechanics and Ge-
otechnical Engineering, 1%t - 6™ September 2019, Reykjavik
Iceland, www.ecsmge-2019.com

14th ISRM International Congress, 13-18 September 2019,
Iguassu Falls, Brazil, www.isrm2019.com

(C- -0

XVII African Regional Conference on
Soil Mechanics and Geotechnical Engineering
07-10 October 2019, Cape Town, South Africa

The South African Institution of Civil Engineering cordially
invites all our colleagues from Africa and beyond to attend
the 17th African Regional Conference on Soil Mechanics and
Geotechnical Engineering.

Hosted in one of the continent's most iconic cities, this con-
ference will serve practitioners, academics and students of
all geotechnical backgrounds. The conference will take place
at the Cape Town International Convention Centre (CTICC)
offering world class conferencing facilities in the heart of
South Africa's mother city and will offer extensive opportu-
nities for Technical Committee Meetings, Workshops, Semi-
nars, Exhibitions and Sponsorships. Exciting Technical Vis-
its, including tours to the famous Robben Island, await.

The 7th African Young Geotechnical Engineers' Conference
(8 — 10 October 2019) will commence on 8 October 2019,
the day following the African Regional Conference (ARC)
opening. The conference venue will be shared with the ARC
delegates to initiate dialogue between junior and senior
engineers while young geotechnical engineers acquaint
themselves with the industry standards, new geotechnical
developments and resources available to further their ca-
reers. The YGE conference provides an approachable audi-
ence within a vibrant environment where young presenters
under the age of 35 are encouraged to exercise their
presentation and technical writing skills on a continental
platform.

Organiser: SAICE
Contact person: Dr Denis Kalumba
Email: denis.kalumba@uct.ac.za

3

XVI Asian Regional Conference on Soil Mechanics and Ge-
otechnical Engineering, 21 - 25 October 2019, Taipei, China
www.16arc.org

XVI Panamerican Conference on Soil Mechanics and Ge-
otechnical Engineering, 18-22 November 2019, Cancun,
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Quintana Roo, Mexico,
http://panamerican2019mexico.com/panamerican
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YSRM2019 - the 5th ISRM Young Scholars’
Symposium on Rock Mechanics
and
REIF2019 - International Symposium on Rock
Engineering for Innovative Future
1-4 December 2019, Okinawa, Japan

Contact Person: Prof. Norikazu Shimizu, jsrm-
office@rocknet-japan.org

3

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

O3 D

EUROCK 2020
Hard Rock Excavation and Support
June 2020, Trondheim, Norway

Contact Person: Henki @degaard,
henki.oedegaard@multiconsult.no

(C2 4.0
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We are pleased to invite you to the 7th EuroGeo conference,
to be held in Warsaw, Poland in 2020. Poland is a country
with more than a thousand years of recorded history and
has a strong European identity. The country was first to free
itself from communist domination in 1989 and is now fully
democratic and a member of the European Union. Poland is
a leader in infrastructure development in the region, which
has resulted in many extraordinary projects. Warsaw, with
its central location, is an ideal base for exploring the coun-
try. Today, the city is a dynamic cultural and business cen-
tre, with strong links not only to Western Europe but also to
the East. PSG-IGS, a Polish Chapter of IGS is young but
thriving organization successfully cooperating with several
chapters within Central Europe. It is an honour to host such
a prestigious conference in Warsaw and We sincerely be-
lieve that the sessions will prove to be a success. Come to
Warsaw, bring your family and enjoy your stay in our capi-
tal and help us to make this Conference not only scientifi-
cally profitable but also an unforgettable event.

Contact: eurogeo?Zinpoland@gmail.com

o3 D

6th International Conference on Geotechnical
and Geophysical Site Characterization
07-09-2020 + 11-09-2020, Budapest, Hungary
www.isc6-budapest.com

Organizer: Hungarian Geotechnical Society
Contact person: Tamas Huszak

Address: Muegyetem rkp. 3.

Phone: 0036303239406

Email: huszak@mail.bme.hu

Website: http://www.isc6-budapest.com
Email: info@isc6-budapest.com
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San Francisco Issues Rules for High-Rise Foun-
dations

Projects sited in areas with the worst soil, in a high-risk
seismic zone and subject to liquefaction, would require
more than one geotechnical engineer on the peer review
team.

Problems with differential settlement at Millennium Tower
prompt San Francisco to issue guidelines for foundation
peer review and monitoring of new tall buildings.

In the wake of the settlement of San Francisco's 645-ft-tall
Millennium Tower, which sank at least 16 in. and tilted at
least 2 in. to the northwest, the city and county Dept. of
Building Inspection issued interim guidelines and proce-
dures for structural, geotechnical and seismic-hazard engi-
neering design review for new buildings, 240 ft or taller.
All tall buildings, whether designed using the city's prescrip-
tive code or performance-based design, qualify under the
new guidance.

The guidelines, issued Nov. 9, require an additional partici-
pant or two on a building's peer review panel. That person
must be either a geotechnical engineer or a civil engineer
with "substantially" demonstrated geotechnical experience.
Both must be registered professionals in the state.

Projects sited in areas with the worst soil, in a high-risk
seismic zone and subject to liquefaction, would require
more than one geotechnical engineer on the peer review
team, according to the city.

The guidelines also require that project sponsors hire moni-
toring surveyors and instrumentation engineers, in advance
of completion of the project, to "monitor the effects of set-
tlement" on their buildings and foundations for 10 years
after completion. The monitor must submit a report annual-
ly to the city.
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The peer reviewer also is required to meet with the engi-
neer-of-record and with the building inspection staff
throughout the design process and submit a report after
completion of the review.

The report must cover 10 subject areas, including the de-
sign of a building's shallow and/or deep foundation sys-
tems; an interpretation of geotechnical and geological in-
vestigations; soil-foundation-structure interaction under
gravity and seismic loading; liquefaction, landslides and
other geological site hazards; ground improvement; static
and dynamic earth pressures; effects of dewatering; foun-
dation or building settlement and more.

It is unclear how much this will cost the building sponsor
and whether the monitoring requirements mean that all
buildings must be equipped with sensors to record any set-
tlement, says one engineer, who declines to be identified.

(Engineering News Record / eNewsletters, December 11,
2017, https://www.enr.com/articles/43621-san-francisco-
issues-rules-for-high-rise-foundations)
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World Building of the Year 2017 could help 100
million people, says Edward Ng

This award-winning prototype house developed for a Chi-
nese village destroyed by earthquake could protect millions
of people around the world, claims architecture professor
Edward Ng in this movie Dezeen filmed at World Architec-
ture Festival 2017.

The house in the Chinese village of Guangming was rebuilt
using a new earthquake-proof construction method

https://www.youtube.com/watch?v=g EOGwL4gDI

The rammed-earth house was designed by the Chinese Uni-
versity of Hong Kong (CUHK) and a team of seismic design
experts at the University of Cambridge. The construction
techniques developed through the prototype aim to help the
residents of Guangming Village in Zhaotong rebuild their
homes following the Ludian earthquake in 2014.

Speaking exclusively to Dezeen after the project was named
World Building of the Year at the World Architecture Festival
2017, CUHK professor Ng claims the anti-seismic construc-
tion method used to build the house could help people all
over the world.

"Earthquakes are not a Chinese problem, they're a world-
wide problem," he says in the movie, which Dezeen filmed
at the World Architecture Festival 2017 in Berlin.

"A lot of people live in mud houses. So if you can find a way
to help these people by designing a safer structure for them
then we are solving a problem for maybe 100 million peo-
ple."

The house was developed for an elderly couple in Guang-
ming Village using construction methods that could be
taught to other residents to rebuild their homes affordably
using locally available materials.

Most of the village was originally built using rammed earth.
The residents had attempted to reconstruct it using more
earthquake-resistant materials such as brick and concrete,
but the price of these materials proved unaffordable and
construction came to a halt.

So Ng and his team sought to find a method of constructing
houses using the traditional rammed-earth technique, which
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would be far more resistant to seismic activity.

The Ludian earthquake in 2014 causes great devastation to
the village of Guangming where the traditional method of
building makes use of rammed-earth structures

"I think it's more than just a house that we were trying to
work on. It is a prototype that allow us to solve many other
problems in many parts of the world. Now we have a work-
able prototype that we can disseminate," says Ng.

The house is a square structure with a pyramid shaped roof,
which Ng says is a stable structure that is easy to construct.

The research behind the project aimed to provide local resi-
dents with a easy and affordable method of construction
that was resistant to seismic activity

"It is a very simple house. It has to be simple because vil-
lagers have to know how to build it," he added.

"For seismic resistance design it is important that the ge-
ometry is simple. A square form is always stronger so we
started our design with a square block. The roof is also a
very simple pyramid structure."

RumE, ’ s dumm, . ’

The house was constructed in a simple, square format
which is a more resilient structure during an earthquake
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Researchers from CUHK worked to improve the quality of
the earth used in the construction in order to enhance its
resistance.

"Together with our seismic design expert we started to im-
prove the earth mixture they had on site. We applied some
scientific principles to it so that it is stronger and more
workable," Ng tells Dezeen.

The rammed earth walls of the house were reinforced with
concrete and steel bars to make them stronger

Window openings in the building are reinforced with con-
crete frames to keep the windows intact in the case of an
earthquake.

"Every time you form an opening in an earth wall you
weaken it, so for big windows like ours we had to surround
it with a structure so that the wall became integral," says
Ng.

"The window frame is made of concrete so that when the
wall shakes the concrete will hold the window intact."

A central atrium space divides the house and is lit with nat-
ural light from an above skylight

The square structure was divided into two blocks separated
by a central atrium space flooded with natural light from
above, which remains cool in the summer and warm in the
winter due to the high thermal mass of the rammed-earth
walls.

"One of the more important things is not just to build a
house but to build a house that the inhabitants can enjoy,"
says Ng.

Dezeen was media partners for the World Architecture Fes-
tival 2017, which this year took place in Berlin in conjunc-
tion with Inside festival of interior design. We will be pub-
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lishing more videos about the winning projects in the com-
ing weeks.

(Sebastian Jordahn / dezeen, 1 December 2017,
https://www.dezeen.com/2017/12/01/movie-waf-world-
building-of-year-winner-earthquake-resistant-video)

(G- R0

Earthquakes in Himalaya bigger because tec-
tonic plates collide faster

Earthquakes that happen in densely populated moun-
tainous regions, such as the Himalaya, spell bigger
earthquakes because of a fast tectonic-plate collision,
according to a new study in Earth and Planetary Sci-
ence Letters. Researchers from Geophysical Fluid Dy-
namics - ETH Ziirich in Switzerland, say their findings
give people a more complete view of the risk of
earthquakes in mountainous regions.

The new study shows that the frequency and magnitude of
large earthquakes in the densely populated regions close to
mountain chains - such as the Alps, Apennines, Himalaya
and Zagros - depend on the collision rate of the smaller
tectonic plates.

In 2015, a magnitude 7.8 earthquake struck Gorkha-Nepal,
and a year later, Norcia, Italy suffered a magnitude 6.2
earthquake. Previous research has attempted to explain the
physical causes of earthquakes like these, but with ambigu-
ous results. For the first time, the new study shows that the
rate at which tectonic plates collide controls the magnitude
of earthquakes in mountainous regions.

"The impact of large earthquakes in mountain belts is dev-
astating," commented Luca Dal Zilio, lead author of the
study from Geophysical Fluid Dynamics — ETH Zirich. "Un-
derstanding the physical parameters behind the frequency
and magnitude of earthquakes is important to improve the
seismic hazard assessment. By combining classical earth-
quake statistics and newly developed numerical models, our
contribution addresses a crucial aspect of the seismic haz-
ard, providing an intuitive physical explanation for a global-
scale problem. Our scientific contribution can help the socie-
ty to develop a more complete view of earthquake hazard in
one of the most densely populated seismic zones of the
world and ultimately take action accordingly."

There are seven large tectonic plates and several smaller
ones in the earth’s lithosphere - its outermost layers. These
plates move, sliding and colliding, and that movement
causes mountains and volcanoes to form, and earthquakes
to happen.

The researchers developed 2D models that simulate the
way the tectonic plates move and collide. The seismo-
thermo-mechanical (STM) modelling approach utilises long-
time scale processes to explain short time scale problems
namely replicate the results observed from the historical
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earthquake catalogues. Also, it shows graphically the distri-
bution of earthquakes by their magnitude and frequency
that are caused by movement in the orogeny - a belt of the
earth’s crust involved in the formation of mountains.

The simulations suggest that the magnitude and frequency
of the earthquakes in mountainous regions are directly re-
lated to the rate at which the tectonic plates collide. The
researchers say this is because the faster they collide, the
cooler the temperatures and the larger the areas that gen-
erate earthquakes. This increases the relative number of
large earthquakes.

The team confirmed the link by comparing earthquakes
recorded in four mountain ranges: the Alps, Apennines and
Himalaya and Zagros. Their results imply that the plate col-
lisions in the Alps are more ductile than those in the Hima-
laya, reducing the hazard of earthquakes.

(Steven Young / TheWatchers, December 04, 2017,
https://watchers.news/2017/12/04/earthquakes-in-
himalaya-bigger-because-tectonic-plates-collide-

fast-

er/?utm_source=feedburner&utm medium=email&utm ca
mpaign=Feed%3A+adorraeli%2FtsEq+%28The+Watchers+
-+watching+the+world+evolve+and+transform%29)

Seismic behaviour of mountain belts controlled
by plate convergence rate

Luca Dal Zilio, Ylonav an Dinther, Taras V. Gerya,
Casper C. Pranger

Highlights

e First simulation bridging long- to short-term in a conti-
nent-continent collision zone.

e Larger convergence rates results in lower b value and
large MWmax.

e This also promotes seismic over aseismic and on- over
off-megathrust behaviour.

e This results from cooler temperatures that promote wid-
er brittle strength sections.

e Gutenberg—-Richter statistics are comparable to observa-
tions from four orogens.

Abstract

The relative contribution of tectonic and kinematic process-
es to seismic behaviour of mountain belts is still controver-
sial. To understand the partitioning between these process-
es we developed a model that simulates both tectonic and
seismic processes in a continental collision setting. These
2D seismo-thermo-mechanical (STM) models obtain a Gu-
tenberg-Richter frequency-magnitude distribution due to
spontaneous events occurring throughout the orogen. Our
simulations suggest that both the corresponding slope
(b value) and maximum earthquake magnitude (MWmax)
correlate linearly with plate convergence rate. By analyzing
1D rheological profiles and isotherm depths we demonstrate
that plate convergence rate controls the brittle strength
through a rheological feedback with temperature and strain
rate. Faster convergence leads to cooler temperatures and
also results in more larger seismogenic domains, thereby
increasing both MWmax and the relative number of large
earthquakes (decreasing b value). This mechanism also
predicts a more seismogenic lower crust, which is confirmed
by a transition from uni- to bi-modal hypocentre depth dis-
tributions in our models. This transition and a linear relation
between convergence rate and b value and MWmax is sup-
ported by our comparison of earthquakes recorded across
the Alps, Apennines, Zagros and Himalaya. These results
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imply that deformation in the Alps occurs in a more ductile
manner compared to the Himalayas, thereby reducing its
seismic hazard. Furthermore, a second set of experiments
with higher temperature and different orogenic architecture
shows the same linear relation with convergence rate, sug-
gesting that large-scale tectonic structure plays a subordi-
nate role. We thus propose that plate convergence rate,
which also controls the average differential stress of the
orogen and its linear relation to the b value, is the first-
order parameter controlling seismic hazard of mountain
belts.

Earth and Planetary Science Letters, Volume 482, 15 Janu-
ary 2018, Pages 81-92

http://www.sciencedirect.com/science/article/pii/S0012821
X17306210?via%3Dihub

O3 D

Unearthing the underground effects of earth-
quakes and volcanoes

Japanese researchers find predictive potential in un-
derground changes associated with 2016 Kumamoto
earthquake and subsequent volcanic eruptions.

Most of what we know about earthquakes and volcanoes is
based on what we can observe at the Earth's surface. How-
ever, most of the action - especially early activity that could
help with disaster prediction and preparedness - occurs
deep underground.

Developing a clearer picture of changes in subsurface condi-
tions, together with continuous monitoring, could provide
life-saving information in advance of future disasters. In
earthquake-prone Japan, especially, there is an ongoing
need for effective means of foreseeing seismic activity.

Japan's National Research Institute for Earth Science and
Disaster Prevention (NIED) has developed the Hi-net net-
work of hundreds of high-sensitivity seismographs evenly
distributed across the country. High-resolution seismic data
from Hi-net shed light on the workings far below the coun-
try's surface. A key source of information from Hi-net is the
velocity of seismic waves as they travel between stations.
Faults, fractures, and fluids in the subsurface, among other
factors, can influence seismic velocity. Thus, changes in
seismic velocity can signal changes occurring underground
but not yet apparent at the surface.

Until recently, little variation in seismic velocity had been
detected in central Kyushu, Japan's southernmost major
island. However, in April 2016, the MW 7.0 Kumamoto
earthquake struck the region, shortly after a MW 6.2 fore-
shock. These destructive earthquakes were followed by
eruptions of Japan's largest active volcano, Mount Aso, in
April, May, and October of the same year.
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A trio of researchers at Kyushu University and its Interna-
tional Institute for Carbon-Neutral Energy Research
(I2CNER) investigated Hi-net seismic velocity data, collect-
ed continuously from December 2015 to November 2016, to
better understand the subsurface conditions associated with
these disasters. They reported their findings in Science
Advances.
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Spatial and temporal variation of seismic velocity in central
Kyushu during the 2016 Kumamoto earthquake. Credit:
Hiro Nimiya, Tatsunori Ikeda and Takeshi Tsuji
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"We applied seismic interferometry to the ambient noise
recorded at 36 Hi-net seismic stations," Tatsunori Ikeda
explains. "We found that during the earthquake, velocity
slowed significantly, which may have been related to dam-
age and pressure changes around the deep rupture fault.
This was followed by gradual 'healing' of the fault over the
following months, although different areas recovered to
different extents."

The earthquakes also may have mobilized fluids around
Aso's magma body. Velocity below the caldera decreased
when the earthquake struck, but recovered relatively rapid-
ly after the eruptions; this may have released pressure.

"Although past studies have used similar approaches for
velocity estimation, the higher spatial resolution we
achieved over a broad area allowed us to identify the spatial
distribution of the damage zone or stress state," the corre-
sponding author Takeshi Tsuji says. "Denser deployment
allows local anomalies to be more accurately resolved. Ve-
locity changes thus identified could be useful in the estima-
tion of future earthquakes and volcanic activity."

(Steven Young / THE WATCHERS, December 08, 2017,
https://watchers.news/2017/12/08/unearthing-the-
underground-effects-of-earthquakes-and-

volca-

noes/?utm_source=feedburner&utm medium=email&utm c
ampaign=Feed%3A+adorraeli%2FtsEq+%28The+Watchers
+-+watching+the+world+evolve+and+transform%29)

ZeAida 28


https://watchers.news/2017/12/08/unearthing-the-underground-effects-of-earthquakes-and-volcanoes/?utm_source=feedburner&utm_medium=email&utm_campaign=Feed%3A+adorraeli%2FtsEq+%28The+Watchers+-+watching+the+world+evolve+and+transform%29
https://watchers.news/2017/12/08/unearthing-the-underground-effects-of-earthquakes-and-volcanoes/?utm_source=feedburner&utm_medium=email&utm_campaign=Feed%3A+adorraeli%2FtsEq+%28The+Watchers+-+watching+the+world+evolve+and+transform%29
https://watchers.news/2017/12/08/unearthing-the-underground-effects-of-earthquakes-and-volcanoes/?utm_source=feedburner&utm_medium=email&utm_campaign=Feed%3A+adorraeli%2FtsEq+%28The+Watchers+-+watching+the+world+evolve+and+transform%29
https://watchers.news/2017/12/08/unearthing-the-underground-effects-of-earthquakes-and-volcanoes/?utm_source=feedburner&utm_medium=email&utm_campaign=Feed%3A+adorraeli%2FtsEq+%28The+Watchers+-+watching+the+world+evolve+and+transform%29
https://watchers.news/2017/12/08/unearthing-the-underground-effects-of-earthquakes-and-volcanoes/?utm_source=feedburner&utm_medium=email&utm_campaign=Feed%3A+adorraeli%2FtsEq+%28The+Watchers+-+watching+the+world+evolve+and+transform%29
https://watchers.news/2017/12/08/unearthing-the-underground-effects-of-earthquakes-and-volcanoes/?utm_source=feedburner&utm_medium=email&utm_campaign=Feed%3A+adorraeli%2FtsEq+%28The+Watchers+-+watching+the+world+evolve+and+transform%29

ENAIA¢EPONTA - Lmuﬁgﬁqsé.The real books are stored in other rooms in the
AOIMNA

China Opens World’s Coolest Library With 1.2
Million Books, And Its Interior Will Take Your
Breath Away

Nobody likes to be watched while they’re trying to read a m'.wﬁlunm“
book, but we’re willing to make an exception if it means e o ‘ = -
getting to visit this stunning new library in China, because Y L R il e

as you can see below, the incredible structure has a giant L
spherical auditorium in the middle that looks just like a gi-

ant eye.

Lh ol 1 o VT T Y I S W0 0l DR e 11
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LR T N T

Located in the Binhai Cultural District In Tianjin, the five-
story library, which was designed by Dutch design firm
MVRDV in collaboration with the Tianjin Urban Planning and
Design Institute (TUPDI) and has since been dubbed “The
Eye of Binhai”, covers 34,000 square metres and can hold
up to 1.2 million books. Taking just three years to com-
plete, the library features a reading area on the ground
floor, lounge areas in the middle sections and offices, meet-
ing spaces, and computer/audio rooms at the top. We're not
sure how much studying we’d get done though - we’d be
far too busy marveling at the awesome architecture!

Update: Turns out, most of these futuristic-looking floor to
ceiling shelves are painted to look like they're full of books,
but in reality, much of the covers in the hall are printed
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Watch the video for more info:

https://rumble.com/v3y12n-amazing-newly-opened-library-
in-chinas-tianjin-becomes-internet-sensation.html

(James Gould-Bourn / boredpanda, 09.12.2017,
https://www.boredpanda.com/tianjin-binhai-library-china-
mvrdv/?utm source=newsletter&utm medium=Ilink&utm c¢
ampaign=Newsletter)
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e Iran-Iraq border earthquake is the deadliest of 2017
(video)
e Mass evacuations ordered as highest alert is issued for
Bali volcano

e Floods and landslides leave at least 11 dead in Indonesia

e The optimal ground improvement solutions

e Severe flash floods hit Western Attica, Greece: 15 killed,
several missing (video)

e Special Geo-Trends issue: Local Geotechs post about
Iran-Irag MW 7.3 earthquake in GeoWorld

e Report highlights 'seismic gaps' in tsunami risk areas

e Fifty simulations show how a magnitude 9.0 Cascadia
earthquake could play out

e Typhoon "Damrey" hits Vietnam, leaving at least 61
dead

e Scientists determine source of world's largest mud erup-
tion (video)

e Mudslide in Colombia results in 3 dead and 32 injured
(video)

http://campaign.r20.constantcontact.com/render?m=11013
04736672&ca=30405b99-9a92-4219-8618-2f91d2fe2bf2
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International Journal of

Geoengineering Case Histories

We are pleased to announce the Issue #2 of Volume #4
of the International Journal of Geoengineering Case
Histories, an official Journal of the International Society for
Soil Mechanics and Geotechnical Engineering (ISSMGE).

In this issue
Geotechnical Damage Caused by the 2016 Kumamoto

Earthquake, Japan, Takashi Kiyota, Takaaki Ikeda, Kazuo
Konagai, Masataka Shiga, pp. 78-95
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A High Rock Cut Stabilization in Muscat City, Oman, Tahir
M. Hayat, Tariq J. Bhatti, Robert Goldsmith, pp. 96-112

St. Isaac Cathedral (St. Petersburg, Russia): A Case Histo-
ry, Anna Shidlovskaya, Jean Louis Briaud, Mehdi
Mohammadrajabi, pp.113-133

Uplift of an Underground Tank in Northern Malabar Region,
India, Nilesh P. Shirode, Kedar C. Birid, S. R. Gandhi, Ra-
jesh Nair, pp.134-146

(CZ -0
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International Society for Roc
ISRM k

and Rock Engineering
Kop@eE v Bg No. 40 (l«fb 2017) w
Newsletter ;; International Society for Rock Mechanics and
Rock Engineering |£ 1 MEKI® o :

e ISRM name change - International Society for Rock Me-
chanics and Rock Engineering

e ISRM President's New Year Address

e Prof. Regt Ulusay elected as the next ISRM President
2019-2023

e 20th ISRM online lecture by Prof. Milton Kanji

e The 2018 ISRM International Symposium - ARMS10, 29
Oct. - 3 Nov.

e FEuropean Rock Mechanics Symposium - Eurock 2018,
Saint-Petersburg, Russia, 22-26 May

e ISRM Vice Presidents receive important awards

e Prof. Regt Ulusay received the 2016 Hans Cloos Medal
Award of the IAEG

e Invitation to TuniRock2018, Hammamet, Tunisia, 29-31
March, an ISRM Specialised Conference

e Invitation to RocDyn-3, 25-29 June 2018, Trodheim,
Norway, an ISRM Specialised Conference

e Four new Fellows of the ISRM inducted last October

e ISRM Rocha Medal 2018 - winners were selected

e [SRM Sponsored meetings

e PBest Performing ISRM National Group Award conferred
to China and Japan

e Serbia and Bosnia and Herzegovina visited by ISRM del-
egation

e GEO-EXPO 2017 Scientific and Expert Conference in
Sarajevo, Bosnia and Herzegovina, October 2017

e [SRM Sponsored meetings
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ITAEY new

https://about.ita-aites.org/news

KukAogpopnaoe To Teuxog 64 Twv ITA@news Tng International
Tunnelling Association pe Ta napakdTw nepiexopeva:

Message from Tarcisio Celestino, ITA President
WTC 2018 Registration is open

ITA Awards 2017 winners revealed

Awards 2017 Photos

Prof Einar Broch (Norway) receives the ITA Award 2017 for
his Lifetime Achievement

ITA Tunnelling Awards 2017 video
Tunnelling the world 2017 video
ITACUS is active during AFTES Paris 2017

ITACUS joined the Think Deep UK workshop on the future of
transport last week in London

Issue 7 of the ITA-CET newsletter
ExCo members participated in the Wroclaw Conference
ITA Executive Council visited the Brunel Museum

EDUCATION AND TRAINING : ITA focus on skilling future
tunnellers

Muir Wood Lecture 2017

WTC 2017 - Opening Ceremony
WTC 2017 - General Assembly
WTC 2017 - Closing Ceremony
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NEWSLETTER OF THE INTERNATIONAL GEOSYNTHETICS SOCIETY

Dedicated to the scienlmc and en g development of geotextiles, geomembranes,
pmdum d associated technologies

VOLUME 33, No. 3 2017

www.geosyntheticssociety.org/wp-
content/uploads/2018/01/IGS-News-Vol.-33-

Issue-3.pdf

KukAo@opnoe To Teuxog 3 Tou Topou 33 Twv IGS NEWS Tng
International Geosynthetics Society pe Ta napakdaTw nepie-
XOMEVA:

General Information for IGS Members ........ccoevemienens 2
Call for Candidates for IGS Council: Term 2018 to
2022 2
REMINDER: IGS Awards: Call for Nominations 2014 -
2007 e 3
Obituary for Andre Rollin (1941 - 2017) .cocvvviiiiiininnnns 4

Technical Committees IGS-TC .....cccveverarerararssssasaanas 5
New IGS Technical Committee on Stabilization using
GeosyNthetiCs ...ovviiiiiiiii 5
IGS TC-H Activities Report .......covvviiiiiiiiiiiiiiia 6
IGS TC-B Activities Report.......c.covvviiiiiiiiiiiiiin 8
IGS TC-R Activities ReEpOrt......c.cvvevviiiiiiiiiiiiiiinnns 9
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New Technical Committee of IGS - TC-Stabilization..... 10

IGS Young Members.....cccvcvvmrererararsnsnsnseserasaranannnnss 11
Down to Earth — An Interview with Professor Neil
[0 Do o 11
Update from the Young IGS Committee.............ceuvvnen. 12
Reports about Conference with IGS Auspices.......... 12
GEOMEQSE 2017 ittt i e 12
Announcement of the International Conference of
LGS i e 13

11th ICG International Conference on Geosynthetics ...13

Announcements of Conferences under the Auspices of
B 17

5th International Conference on Geofoam Blocks in
Construction Applications (EPS’18) Kyrenia, Northern
Cyprus, 09 — 11 May 2018...ceiiiiiiiiieiieii e naeeaes 17

GeoMEast 2018 International Congress and Exhibition.17
News from the IGS Chapters and the Membership...18

Update from the CEN Technical Committee CEN/TC 189
GeoSYNthetiCs .. 18

Rencontres Géosynthétiques 2017 The 11th French
Speaking Conference on Geotextiles, Geomembranes and

Related ProductS.......coceviiiiiiiiiieriec e 21
XXVI National Conference on Geotechnical Engineer-
10T 22
Interdisciplinary Geotechnical Forum (incorporating the
16th FS-KGEO) .. uitiiiiiiii i et 23
SARDINIA 2017 - 16th International Waste

Management and Landfill Symposium............cccvvenenens 23

1st Portuguese Seminar on Transportation Geotechnics
“Improvement, Reinforcement and Rehabilitation of

Transport Infrastructures” .......ccoviiiiiiiiiiiiiiiiiiieens 25
Geosynthetic Materials and their Use in Infrastructure
Projects ..ovviiiii 26
Geosynthetic Application EtE Event organized by the In-
donesian Chapter of IGS.......cvvvviiiiiiiiiiir s 27
IGS UK Symposium - Use of Geosynthetics in Rail: To-
Wards 2025 .o 29
Geosynthetic Conference for Young Professionals in com-
bination with “Educate the Educators”...................... 29
List of IGS Chapters .....cccoirireiminirerieirerrsssaresnnaes 30
Official Journals of the IGS.......cccicrerirrinimiesesesasasanas 32
Geosynthetics International.........ccoooviiiiiii 32
Geotextiles & Geomembranes ........ccooviiiiiiiiiiiiiiiiien 33
Geotextiles and Geomembranes: Best papers in 2016...36
Corporate Membership ......c.ccvimiimiiiiciisic s 36
Report on Corporate Committee Meeting at GeoAfrica
200 7 e 36
Case Studies - Use the Chance! ..........cccooviiiiiiiinnnnnn. 37
Subsidiary Revetment Construction of Desilting Tunnel
Zengwun Reservoir, Tainan, Taiwan, ROC................... 38
Subgrade Stabilization at Santa Ana, CA.................... 39
Temporary Slope Stabilisation, Wastewater Treatment
Works Manchester, England .........cccooviiiiiiiiiiininnnns 40
Innovative access road design to reach Glenchamber
Wind Farm (Scotland) on soft, peaty ground............... 41
Geosynthetics solve problem at Strubens Valley, South
A i o o= TR PP 42
Corporate Members of the IGS ........covviviiiiiiiiinennen 43
Corporate Profile - G and E Company Limited ............ 50
IGS News Publisher, Editor and Chapter Correspond-
=T 3 51
IGS COUNCIl cecieruiieriirerimrerre s s s s sansarsmsansmsnnnansanas 52
IGS OffiCerS.ciiriarimrarrarmrerinrrrarsnrassasassasansassnsansasannns 52
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GEOSYNTHETICS

FFICIAL JOURNAL OF THE 1G5

www.icevirtuallibrary.com/toc/jgein/24/6

KukAo@opnoe To Teuxoc 6 Tou TOpou 24 Tou nePIOdIKOU
GEOSYNTHETICS INTERNATIONAL pe Ta napakdtw nepIexXo-
peva:

Natural weathering of polypropylene geotextiles treated

with different chemical stabilisers, J. R. Carneiro, M. L.
Lopes, pp. 544-553

Soil reinforcement through addition and subsequent car-

bonation of wollasonite microfibres, S. Pourakbar, M. H.
Fasihnikoutalab, R. J. Ball, N. Cristelo, B. K. Huat, pp. 554-
564

Zoning of reinforcement forces in geosynthetic reinforced

cohesionless soil slopes, J. Chen, W. Zhang, J. Xue, pp.
565-574

Bearing capacity of reinforced and unreinforced sand beds

over stone columns in soft clay, P. Debnath, A. K. Dey, pp.
575-589

Steady flow in mechanically stabilised earth walls using

marginal soils with geocomposites, D. Bui Van, A.
Chinkulkijniwat, S. Horpibulsuk, S. Yubonchit, I. Limrat, A.
Arulrajah, C. Jothityangkoon, pp. 590-606

Gas advection-diffusion in geosynthetic clay liners with

powder and granular bentonites, A. Bouazza, M. A. Rouf, R.
M. Singh, R. K. Rowe, W. P. Gates, pp. 607-614

Improved analytical solution of vertical pressure on top of

induced trench rigid culverts, X. Qin, P. Ni, M. Zhou, pp.
615-624

Liquefaction resistance of sand reinforced with randomly

distributed polypropylene fibres, B. Ye, Z. R. Cheng, C.
Liu, Y. D. Zhang, P. Lu, pp. 625-636

Note of appreciation to paper reviewers, pp. 637
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