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Introduction 
The Centre for Geotechnical and Materials Modelling (CGMM) 
was formally established in 2007 as a Priority Research Centre 
at The University of Newcastle, Australia. At its inception, the 
group consisted of sixteen research staff and fifteen research 
students. Since then, the group has roughly doubled in size to 
become one of the largest geotechnical research groups 
worldwide, including thirty staff members and over thirty 
postgraduate students. In 2011, the CGMM combined with the 
Centre for Offshore Foundation Systems at The University of 
Western Australia and the Centre for Geotechnics and Railway 
Engineering at the University of Wollongong to form the 
Australian Research Council (ARC) Centre of Excellence for 
Geotechnical Science and Engineering, a collaborative research 
centre which has received total funding of approximately $23M 
over a seven-year period, including sponsorship from the 
industry partners Coffey Geotechnics (recently acquired by 
Tetra Tech), Douglas Partners, and Fugro Advanced 
Geomechanics. 
 
The CGMM broadly focuses on the development of new models 
and innovative computational methods, coupled with laboratory 
and field testing, for predicting the behavior of multiphase 
geomaterials in infrastructure and mining applications. Its staff 
possess a diverse range of expertise in computational mechanics, 
geotechnical engineering, geological engineering, rock 
mechanics, and environmental engineering. The group’s strong 
background in advanced computational modeling is 
complemented by proficiency and facilities for sophisticated 
laboratory testing and field testing. The latter includes the 
industry-focused research performed using the in situ testing 
facilities NewSyd and NewTracks, as well as the work being 
completed at Australia’s first National Soft Soil Field Testing 
Facility (NFTF) at Ballina, New South Wales. The NFTF includes 
two heavily-instrumented embankments to proof test new 
technologies at field scale prior to adoption by industry. 
Geotechnical experts from around the world have been invited 
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Figure 1. Failure mechanisms predicted using finite 
element limit analysis for (a) a circular tunnel and (b) a 

three-dimensional tunnel heading 

to forecast the performance of these embankments at an international prediction symposium to be held in 
Newcastle in September 2016 (cgse.edu.au/eps2016). These predictions will involve cutting-edge 
numerical modeling based on high quality data, and allow the limitations of current design practice to be 
identified clearly. 
 
This article provides a sample of recent and ongoing research in the CGMM across nine themes: (1) 
computational geomechanics, (2) unsaturated soil mechanics, (3) in situ testing, (4) sampling, (5) soft soil 
engineering, (6) georisk and geohazards, (7) rockfall analysis, (8) buried pipelines, and (9) soil-machine 
interaction. Additional themes not covered due to space limitations include environmental geotechnics 
(e.g., georemediation) and multiscale modeling. 
 

Selected Research 
 
1. Computational Geomechanics 
 
Geotechnical Stability Analysis 
 
Geotechnical stability analysis is traditionally performed by a variety of approximate methods that are 
based on the theory of limit equilibrium. Although they are simple and appeal to engineering intuition, 
these techniques suffer from a number of serious disadvantages, not the least of which is the need to 
presuppose an appropriate failure mechanism in advance. This feature can lead to inaccurate predictions 
of the true failure load, especially for realistic problems involving layered materials, complex loading, or 
three-dimensional deformation. Over the last decade, the CGMM has developed powerful new methods for 
performing stability analysis that combine the limit theorems with finite elements and optimisation. These 
rigorous methods do not require assumptions about the mode of failure, and use only simple strength 
parameters that are familiar to geotechnical engineers. The formulations are very general and can deal 
with layered soil profiles, anisotropic strength characteristics, complicated boundary conditions, and 
complex loading in both two and three dimensions (Fig. 1). Indeed, they have already been used to obtain 
new stability solutions for a wide range of practical problems including soil anchors, slopes, foundations 
under combined loading, excavations, tunnels, mine workings, and sinkholes. 

 
Advanced Finite Element Algorithms with Error 
Control and Automatic Substepping 
 
The CGMM has made significant progress in 
developing accurate, robust and efficient 
numerical algorithms for solving various 
nonlinear problems. These include the complex 
constitutive models for saturated and 
unsaturated soils, and the coupled deformation 
and fluid flow problems in porous media. The 
numerical algorithms developed by CGMM 
researchers are unique in that they incorporate 
robust adaptive mechanisms to automatically 
control the numerical errors according to the 
nonlinearities of the problem, which is usually 

realized by comparing a pair of numerical solutions of lower and higher order of accuracy. The automatic 
feature enables engineers to perform sophisticated numerical analyses efficiently without the need for 
repetitive and costly trial-and-error simulations. These algorithms can be implemented at local stress 
point level to integrate the rate form of constitutive equations, or at global level to integrate nonlinear 
load-displacement and time-displacement equations. In addition, robust numerical algorithms have been 
developed to handle non-smooth and non-convex yield surfaces. 
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Computational Methods for Problems Involving Large Deformation and Soil-Fluid Interaction 
 
Current best-practice in geotechnical design is focused on stationary systems and constant material 
boundaries, and aims to attain negligible movement under working loads. However, many new 
infrastructure applications require an entirely new design paradigm which (1) allows the geostructure to 
move large distances during its design life and (2) considers the solid-fluid transitional behavior of the soil. 
Important examples of this include submarine pipelines on soft sediments, onshore and submarine 
landslides and their impacts on other structures, the dynamic installation of anchors in seabeds, the 
installation of displacement piles, the use of penetrometers to measure the geotechnical properties of 
soils, and foundations on soft clays. 
 
Research in this area focuses on new analysis techniques that can account for large deformations, soil-
fluid-structure interaction, solid-fluid transitional behavior, episodes of cyclic loading (and intervening 
recovery) and complicated interface behavior. Researchers from the CGMM are well known for the 
development of novel numerical techniques that are effective and robust for solving complex geotechnical 
problems, such as (1) the Arbitrary Lagrangian-Eulerian (ALE) method for solving large deformation 
geomechanics problems (Fig. 2a), (2) the optimisation-based particle finite element method (PFEM) for 
solving granular flow and solid-fluid transitional problems (Fig. 2b), and (3) numerical algorithms based on 
contact mechanics for solving large deformation soil-structure interactions. 
 
Discrete Element Formulations 
 
The Discrete Element Method (DEM) is a well-established technique for modeling granular materials by 
accounting for the motion and interaction the individual soil particles, though it has been limited by the 
necessity to idealize particular geometries as spheres or other simple shapes, as well as the large time 
required for computation, which can easily exceed days or weeks for typical problems of practical interest. 
 
Researchers within the CGMM have been expanding and enhancing discrete element formulations in a 
number of different ways. A key development over the past few years has been a novel variational 
formulation of contact dynamics, which has proved to be very efficient. Other advances include the 
establishment of a generalized approach for modeling deformable structures of arbitrary shape using 
Minkowski sums of polytopes together with spheres to describe the geometry of rounded cylinders and 
particle facets (Fig. 3a), and the coupling of DEM with computational fluid dynamics for simulating the 
behavior of saturated granular soils (Fig. 3b). 
 

 
Figure 2. Simulation of (a) dynamic penetration of an object into a soil layer using ALE and (b) failure 

modes of soil around a pipeline using PFEM 
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Figure 3. Simulation of (a) soil-inclusion problems using 
Minkowski sums of polytopes and spheres and (b) internal 

erosion using a coupled CFD-DEM approach 

 
2. Unsaturated Soil Mechanics 
 
Fundamental Behavior of Expansive and 
Unsaturated Soils 
 
Unsaturated soils contain both air and 
water phases in their pores. They naturally 
occur in arid and semi-arid climates like 
Australia’s and are artificially created in 
construction grounds like compacted soils. 
These soils can inflict significant damage 
to the structures they support when 
subjected to environmental actions like 
wetting and drying. Understanding their 
behavior is thus crucially important for 
designing building foundations, earth 
slopes, highway or railway embankments 
and waste containment facilities. One of 
their major features is their volume and 
strength change behavior upon wetting 
and drying. Unsaturated soils that expand 
upon wetting are known as expansive soils, 
whilst soils that shrink upon wetting are 
known as collapsible soils. The aims of the research program are (1) to understand the coupled hydro-
mechanical behavior of unsaturated soils through laboratory testing, (2) to develop constitutive models 
that capture the basic features of various unsaturated soil behavior, and (3) to develop robust, efficient 
and accurate numerical algorithms for implementing the constitutive models, and for solving boundary 
and initial value problems. 
 
Triaxial and oedometer apparatuses with control of suction, water content or degree of saturation are 
used to study the behavior of unsaturated soils under various hydraulic and loading paths (Fig. 4a). Due to 
the importance of saturation in unsaturated soil behavior, a novel technique has been developed to 
control the degree of saturation in triaxial tests. The technique is based on controlling pore-water volume 
during one-dimensional compression. The evolution of soil microstructures is studied via Mercury Intrusion 
Porosimetry (MIP) and Scanning Electron Microscope (SEM). Undisturbed, compacted, and reconstituted 
soil samples with different clay contents are used in the tests. 

 
Although a number of constitutive models for unsaturated soils exist in the literature, some fundamental 
questions have not been fully answered. These questions include (1) a consistent explanation of strength, 
stiffness, yield stress, volume change and water retention behavior, (2) the effect of microstructure on 
the soil macroscopic constitutive behavior, (3) the evolution of microstructure and macroscopic quantities 

 

 
Figure 4. (a) CGMM soil testing laboratory and (b) yield surface of a compacted unsaturated soil 
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like yield stress, shear 
strength and permeability 
with hydraulic and stress 
paths, (4) a consistent 
approach for modeling 
different plastic volumetric 
strains and shear strength 
changes associated with 
various hydraulic and stress 
paths, (5) the slope change 
of the normal compression 
lines at suctions larger than 
zero, (6) the smooth 
transition between saturated 
and unsaturated soil states, 
and (7) the degradation of 

strength and stiffness of soft rocks under cyclic drying and wetting. The research team at Newcastle have 
developed new theoretical frameworks to tackle some of these issues. For example, the SFG approach was 
proposed to tackle the behavior of both reconstituted soils and compacted soils (Fig. 4b). In this approach, 
the yield stress and shear strength functions are derived from a continuous and smooth volume change 
equation. As a consequence, all these functions are continuous and smooth over both positive and 
negative pore water pressures. Different yield functions such as the load-collapse function, the apparent 
tensile strength function, and the suction-increase function are the outcomes of the evolution of one 
single function along different stress paths in the stress space. The SFG framework is able to provide a 
consistent explanation of the behavior of unsaturated soils with respect to strength, stiffness, yield stress, 
volume change and water retention. 

 
Experimental Research on Expansive and Unsaturated Soils 
 
The theoretical research on unsaturated soil mechanics presented above is complemented by 
experimental and field research (Fig. 5). Comprehensive data now exists for Maryland clay. Over the past 
several years, a number of devices have been developed in order to accurately and reliably measure 
and/or impose suction. For example, research on cavitation in high capacity tensiometers has led to a 
simpler design. Lateral thinking was key in overcoming the inherent difficulties of existing methods for 
bulk volume measurement: using a medical spray plaster has led to easier and faster tracking of volume 
changes upon wetting and drying. 
 
So far, the state-of-the-art equipment developed in the CGMM laboratory has been used to measure 
retention curves of intact, compacted and reconstituted soils and characterise volumetric changes upon 
wetting and drying cycles across a range of boundary conditions (Fig. 6). Observations at macro level are 
often complemented by microstructural investigations (via microscopy and mercury intrusion porosimetry) 
and field observations in order to better explain the mechanisms governing the soil behavior. Special focus 
is on the evolution of microstructural characteristics during mechanical loading and/or wetting drying 
cycles. 
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Figure 5. (a) High speed photography showing the occurrence of cavitation 
in a high capacity tensiometer. (b) Hand Spray Plaster used to coat soil 
specimens in order to monitor volume changes with wetting and drying 

cycles. (c) Typical structured, expansive Maryland clay 



 
 

 
Figure 6. (a) Retention curve of intact and reconstituted specimens of Maryland clay. (b) Evolution of 

pore size distribution of reconstituted Maryland clay during drying 

 

 
Figure 7. NewTracks in situ testing facility: (a) exterior and (b) interior 

 
3. In Situ Testing 
 
A new crawler-mounted in situ soil testing laboratory capable of accessing soft and swampy sites is 
providing Australian geotechnical research groups with mobile state-of-the-art field-testing facilities. The 
new mobile testing facility comprises a customised 120 kN cabin crawler and transport truck (Fig. 7). The 
crawler-mounted in situ testing rig provides the same high production and reliability as a truck-mounted 
rig but with the advantage of tracks, allowing for reduced ground pressure, increased traction and access 
to soft and difficult terrain. The customised rig is based on a standard cabin crawler design and has been 
modified to allow testing in conjunction with the transport truck, utilising the weight of the truck, thus 
providing additional counterweight and saving deployment time at sites where truck access is feasible. 
The sub-frame of the crawler has been modified to accommodate an enlarged testing opening in the floor 
of the rig, permit the use of wider devices, and allow for non-standard testing. The chassis of the crawler 
has also been customised to allow the attachment of a hydraulic jack that can be used to apply horizontal 
loads for experimental research activities, such as the lateral loading of screw piles. The rig is being 
modified for its role as a mobile soft soil in situ testing laboratory with a fit-out to accommodate 
enhanced data logging capabilities and permit the addition of precision-control drive systems. The tracked 
rig has been designed to accommodate a separate load frame that allows for the fine control of vertical 
and torsional actuation using an independent electric drive system. The drive system will allow for the 
fine control of the penetration rate and torsional rotation, with displacement rates significantly slower 
than conventional rates. To investigate drained-undrained transition behavior, which is the main benefit 
of variable-rate testing, speeds down to 0.001 mm/s are required for testing soft clay. The system will be 
designed to enable pre-programmed load or displacement-controlled sequences, thus providing the ability 
to undertake such novel testing routines as constant-load and cyclic-penetration testing, as well as other 
non-standard activities such as model foundation tests under the rig. 
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4. Sampling 
 
Determining sample quality is essential prior to embarking on a 
long-term program of laboratory tests. A comprehensive study of 
the influence of tube sampling on the mechanical properties of 
Ballina clay has been performed at the CGMM using a wide range of 
samplers: Fixed Piston Samplers (FXPS), Free Piston Samplers (FPS), 
Open Samplers–Shelby (OS-S), and the Sherbrooke block sampler. 
Non-destructive imaging techniques have been completed to assess 
tube quality and select specimens for mechanical testing. Image 
analysis showed voids and large cracks in the Shelby tubes (black 
shapes), many thin cracks in the free piston sampler caused by 
movement of the piston during extraction, and fewer cracks in the 
samples obtained using a fixed piston sampler (Fig. 8).  
 
Mercury Intrusion Porosimetry (MIP) tests were performed on 
specimens from all samplers to evaluate the effects of the sampling 
technique on the Pore Size Distribution (PSD) at five locations along 
the specimen. By using the MIP results of the Sherbrooke specimen 
as a reference, the significant variation in the PSD (or void ratio) 
between samplers as well as at top, bottom and sides of each tube 

was demonstrated. Minor modifications to the PSD were observed at 
the central core irrespective of the sampler type. The fixed piston 
sampler caused the smallest modification to the PSD of the soft clay.  

 
 
5. Soft Soil Engineering 
 
Natural soils typically bear some imprints of the complex geological and geochemical environments where 
they have been formed. Alteration of these environments may significantly alter their physical and 
mechanical properties which, in turn, are affected by mechanical, hydraulic, thermal and chemical 
actions. Therefore, proper understanding of the soil response is fundamental for developing advanced 
constitutive models able to reproduce the complex behavior of natural geomaterials. 
 
Laboratory Characterization of Soft Clays 
 
Low in situ stresses and undrained shear strength, a high compressibility, the presence of electrolytes in 
the pore fluid, the presence of organic matter and expansive minerals, and weak cementation are typical 
features of natural soft clays. Not surprisingly, these characteristics pose a number of challenges for 
proper geotechnical characterization, either in situ or in the laboratory. The establishment of the NFTF 
has allowed high-quality in situ testing and monitoring, combined with advanced laboratory testing, to 
characterize a typical Australian estuarine soft clay with the goal of improving engineering design methods. 
 
A crucial yet commonly neglected aspect of natural soft clays is related to the chemical interaction 
between the pore fluid constituents and the solid phase. Measurement and control of the soil Electrical 
Conductivity (EC) is relevant in the case of natural clays coming from estuaries and river systems where 
the pore water is saline. Such dependency is highlighted in Fig. 9, which shows the peak strength 
envelopes obtained from drained direct shear tests carried out on natural Ballina clay using either 
deionized water or synthetic sea water. The exposure to deionized water erased effective cohesion almost 
completely whereas the effective friction angle reduced around 6º. This highlights the necessity for 
appropriate experimental procedures to determine the index and mechanical properties of soft clays. 
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Figure 8. CT scans of four tube 
samplers retrieved at 7.5 m depth 

at the NFTF near Ballina, New 
South Wales (not to scale) 
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Advanced laboratory testing has revealed that Ballina clay displays very high compressibility and a low 
undrained shear strength which is larger in triaxial compression. The clay shows a non-linear stress-strain 
response either in one-dimensional compression or undrained shearing. The consolidation coefficient, and 
consequently the water permeability, reduces dramatically with the stress level in the overconsolidated 
zone, mainly due to soil destructuration. Additional aspects of the clay behavior such as anisotropy, rate 
effects and soil microstructure are currently being studied by researchers within the CGMM. 
 

Constitutive Modeling 
 
In addition to extensive physical testing of 
geomaterials, as described elsewhere, the 
Centre is also actively engaged at the 
cutting edge of developing constitutive 
models for geomaterials, where emphasis 
is on the development of theoretically 
rigorous and yet practically useful stress-
strain models for describing the aspects of 
soil behavior articulated above, especially 
with regard to (1) the response of 
unsaturated soils to changes in loading and 
environmental conditions, (2) the response 
of soils to cyclic loading, and (3) the time 
and rate-dependency of soft clay-like soils. 
 
With regard to the time and rate-
dependency of soils, researchers within 
the CGMM have recently developed a new 
soil model, dubbed ‘Hunter Clay’, that is 
formulated within the framework of 
Critical State Soil Mechanics. The model 
allows the yielding of the soil to depend 
not only on the stress state and volumetric 

conditions, but also on the strain rate. To date it has been demonstrated that such an approach can result 
in models that allow promising predictions of the effects of loading rate on the response of the soil, as 
well as predicting the important effects of creep and relaxation. 
 
Centre researchers have also been active, together with colleagues at the University of Wollongong, in 
developing new soil models to deal with the effects of cyclic loading on soil behavior. This has been 
particularly relevant to studies of foundations for roads and railways. 
 
6. Georisk and Geohazards 
 
Over the years, numerous advanced numerical modeling methods have been developed in the CGMM which 
enable engineers to predict the ultimate limit states of general types of geostructures such as tunnels, 
dams, highways, and foundations. These methods have recently been combined with random field theory 
and advanced probabilistic methods to model the natural spatial variability of geomaterials, which is 
usually ignored in traditional analyses. Machine learning algorithms are integrated with the methods, and 
a rigorous quantitative risk assessment framework is developed. 
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Figure 9. Effects of the pore fluid salinity on the strength of 
Ballina clay 



 
A particular example of 
quantitative risk assessment 
of landslides is shown in Fig. 
10. In the subfigure on the 
left, the spatial variability of 
undrained shear strength is 
modeled by random field 
theory. The sliding volume 
colored in red is 
automatically identified by 
the K-means clustering 
algorithm. The sliding 
volume is then used to 
quantify the risk of slope 
failure based on the 
rationale that a large sliding 
volume has a high risk. 
 
In traditional stability analysis of landslides, a conservative value of the undrained shear strength is usually 

chosen, and the strength is assumed to be homogeneous over the entire slope. Additionally, the uncertainty 
in the undrained shear strength is ignored. This results in a symmetric failure mechanism as shown in the 
figure on the right. 
 

 
Figure 11. Overview of the rockfall hazard assessment framework developed for the mining environment 
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Figure 10. Comparison of quantitative risk assessment and traditional 
factor of safety analysis of landslides 



 
Over the last five years, in partnership with the Australian Coal Association Research Program and industry 
practitioners in the civil and the mining sector, researchers in the CGMM have developed new technologies 
for a safer mining environment with particular focus on the quantitative and qualitative rockfall hazard 
assessment. Through innovative full-scale experimental testing, novel laboratory testing techniques and 
advanced 3D numerical modeling, the research provides a rigorous and comprehensive assessment of all 
the major components of rockfall hazard at a given mine site. A discrete fracture modeling technique and 
digital photogrammetry are used to accurately depict the rock mass fabric. The volume distribution of 
unstable blocks is derived combining polyhedral modeling and kinematic analyses, and the residual 
rockfall hazard involved with commonly used rockfall mitigation measures such as drapery systems is 
assessed through a new approach for the simulation of rockfalls behind such systems. In parallel, a new 
qualitative assessment methodology specifically designed for coal mining environments and capable of 
differentiating hazard levels at the toe of highwalls, named Evolving Rockfall Hazard Assessment (ERHA), 
has been developed (Fig. 11). ERHA can be used to assist with the preliminary identification of hazardous 
areas that will require further strict quantitative assessment, and it is easily accessed by a web 
application. Developed in an Australian context, the research is broadly applicable to most mining 
situations worldwide with potential for adoption in mine sites internationally, and it enables greater 
confidence in locating personnel, machinery, and structures over working areas, improving safety, and 
reducing the risk of possible interruptions in the production. 

 

 
Figure 12. Full-scale rockfall tests conducted in the Hunter Valley and Mount Sugarloaf (New South Wales) 

 

 
Figure 13. Full-scale rockfall tests with drapery systems and DEM numerical modeling of rockfall 

trajectories 
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7. Rockfall analysis 
 
Rockfall barriers are used in Australia and throughout the world to protect its extensive road and rail 
networks. Several vital links in the nation's infrastructure are vulnerable to rockfalls, potentially taking 
lives and severely disrupting the performance of transport infrastructure. Researchers in the CGMM have 
developed new cost-effective methods for designing protection measures against rockfall events in both 
civil and mining applications, using a combination of advanced testing and computer modeling. The 
progression of a falling block along a slope, and its interaction with the slope surface, has been 
investigated through full-scale rockfall tests (Fig. 12) and a stochastic approach that accounts for the local 
effects of roughness and natural variability. 
 
Full-scale tests under controlled conditions in the laboratory have been conducted to characterize and 
optimize rockfall barriers and single-barrier components. Experimental research has been combined with 
advanced FEM and DEM modeling to better characterize the performance of full rockfall barriers. A special 
focus was placed on the dependence of failure energy on the block size, a phenomenon commonly 
referred to as the ‘bullet effect’. Experimental testing on high strength mesh indicated reduced resistance 
as the block size decreases, and further modeling showed the existence of a critical value of block size 
corresponding to a limiting resistance. 
 
The research focused not only on flexible barriers but it also investigated, through field experimental 
testing and DEM numerical analyses, the drapery systems which are commonly used in the mining 
environment to improve the stability of potentially unstable blocks and to control the path of falling 
blocks (Fig. 13). This aspect of the research was supported by the Australian Coal Association and provided 
invaluable insights for the design and the installation of rockfall protection systems in mining 
environments. 
 

 
 

Figure 14. Steel pipeline subjected to localised ground subsidence: comparison of analytical and 
numerical stress analyses results for varying normalised surface settlement levels 
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8. Buried Pipelines 
 
Stress Analysis of Buried Pipelines Subjected to Permanent Ground Deformations 
 
Permanent ground deformations due to construction activities or geological phenomena may result in the 
development of excessive pipeline strains as the pipeline deforms to accommodate the imposed ground 
movement, and hence failure in the forms of cracking, buckling or joint leakage. In fact pipeline 
authorities identify ground movements due to fault rupture, ground subsidence, lateral spreading etc. as 
one of the main triggers of failures in buried pipeline networks. With that in mind, researchers in the 
CGMM have developed a family of analytical methods for the efficient stress analysis of continuous 
pipelines crossing such geotechnically challenging areas. Being simple enough to be used in everyday 
engineering practice, these methods are an attractive alternative to costly three-dimensional nonlinear 
finite element analyses and provide expeditious evaluation of pipeline strains at no expense of accuracy 
(Fig. 14). They can prove extremely valuable during the preliminary design stage of pipeline projects for 
the identification of critical areas requiring detailed numerical investigation, or for the early assessment 
of the cost of mitigation measures, such as an increase in pipeline class. 
 
Soil-Pipeline Interaction 
 
Quantifying soil reaction to 
differential (relatively to the 
surrounding soil) pipeline 
movements is an essential element 
of both analytical and numerical 
stress analysis methods. Ongoing 
research on the subject aims to 
bridge the gaps between advanced 
numerical methods for simulating 
soil-pipeline interaction, physical 
modeling in the laboratory, and 
existing pipeline design guidelines. 
For example, common 
construction practice for placed in 
situ buried pipelines includes 
installing the pipeline in a 
relatively shallow trench, which is 
subsequently backfilled with sand. 
According to buried pipe design 
guidelines, the dimensions of the 
trench must be ‘adequate’ so that 
the response of the pipeline will 
depend solely on the properties of the controlled backfill material, and not on the perhaps much stiffer 
surrounding soil, as interaction with the stiffer soil can have a detrimental effect on the forces developing 
on the pipeline during relative movement episodes. To preclude an uncontrolled increase in pipeline 
strains, nomographs for estimating the proper trench dimensions in areas where significant lateral and 
vertical soil movements need to be considered in the design have been proposed. The case of vertical-
downwards relative pipeline movement has also been analysed in detail. These have proved that assuming 
that the pipeline is equivalent to a strip footing (as per current practice) can lead to inaccurate estimates 
of the force exerted on the pipeline. Novel numerical techniques such as PFEM were also employed to 
investigate the mechanisms of soil-pipeline interaction during large relative movements, where 
conventional methods suffer from mesh distortion related instabilities. 
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Figure 15. DEM modelling of the interaction between mine haul 

trucks and safety berms 



 

CGMM Staff 
 

Director 

 

Laureate 
Professor 
Scott Sloan 
BE MEngSci MPhil 
PhD FTSE FAA 
FREng FRS 

Laureate Professor Scott Sloan holds bachelor’s and master’s degrees 
from Monash University and a PhD from the University of Cambridge. 
Scott Directs the Centre for Geotechnical and Materials Modelling at 
Newcastle and the ARC Centre of Excellence for Geotechnical Science 
and Engineering. His key research interests are computational 
geomechanics and the stability of tunnels, foundations, ground 
anchors, retaining walls, and slopes. He co-edits Computers and 
Geotechnics and serves on the editorial boards of 5 other 
international journals. 

Co-Director 

 

Professor 
Daichao Sheng 
BSc LicEng DrEng 
FIEAust 

Daichao Sheng received a Bachelor of Science from Lanzhou University 
(China) and a Licentiate in Engineering and Doctor of Engineering 
from Lulea University (Sweden). His research interests include 
computational geomechanics, unsaturated soils and ground freezing. 
He is the recipient of the John Booker Medal and the RM Quigley 
Award, among other awards. He is a Co-Editor for the Canadian 
Geotechnical Journal and an editorial board member for two other 
journals. 

Research Staff 

 

Associate 
Professor 
Andrew Abbo 
BE Bmath PhD 
MIEAust 

Associate Professor Andrew Abbo received his PhD in 1997 from The 
University of Newcastle, where he completed bachelor’s degrees in 
engineering and mathematics. Following his PhD, he worked in 
developing commercial engineering software, returning to academia 
in 2005 with research interests in nonlinear finite element methods, 
plasticity and geotechnical analysis. In 2015, he reverted to working 
predominantly in industry with Northop Consulting Engineers. 

 

Doctor 
Yousef Ansari 
BSc MSc PhD 

Dr Yousef Ansari received his PhD in civil engineering in 2013 from The 
University of Newcastle. He completed his BSc (in 2002) and MSc (in 
2005) in civil engineering at Shiraz University in Iran. He worked as a 
geotechnical engineer in a consulting firm for a period of three years. 
His main areas of research are contaminant transport in porous 
media, computational geomechanics, large deformation finite 
element analysis, onshore/offshore pipelines, and soil-structure 
interaction. 

 

Lachlan Bates 
BE(Civil) 

After completing a degree in civil engineering in 1998, Lachlan Bates 
worked as a Geotechnical Engineer with consulting firm Robert Carr 
and Associates before joining The University of Newcastle in 2000 to 
undertake the responsibility of establishing the NewSyd in situ testing 
facility. As a Research Engineer and Business Manager for the CGSE, 
Lachlan is responsible for the management of the geotechnical 
laboratories and the in situ testing facilities. 

 
 
 
 
 
 

ISSMGE Bulletin: Volume 9,  Issue 6         Page 13 

 

Research Highlights (Con’t) 
Centre for Geotechnical and Materials Modelling, The University of 
Newcastle, Australia 



 
 
 
 
 

 

Conjoint Professor 
Gernot Beer 
Dipl.Ing. MSc PhD 

Gernot Beer received his PhD in civil engineering in 1976 from the 
University of Queensland. He is Emeritus Professor of the Graz 
University of Technology, Austria. His main research interest is in 
numerical simulation applied to problems in geomechanics, and he 
has published 4 books on this topic. He was the coordinator of the 
world’s biggest project on underground construction (European 
project TUNCONSTRUCT). 

 

Doctor 
Daniel Bishop 
BSc(Hons I) PhD 

Dr Daniel Bishop received his PhD in engineering geology in 2010 from 
The University of Newcastle, after completing his bachelor’s degree in 
structural geology at The University of Western Australia. His main 
research interest is the engineering geology of rock and soil, and in 
particular the correlation between the spatial distribution of natural 
processes and the subsequent spatial distribution of sediment 
engineering properties. 

 

Glen Burton 
BE(Civil) 

Glen Burton completed a bachelor’s degree at The University of 
Newcastle in 2007 and then worked for WSP | Parsons Brinckerhoff, 
gaining experience in geotechnical site investigation, foundation 
engineering, slope stability and earth retention design, embankment 
dam design and pavement engineering. He is now a Research 
Associate, having submitted his PhD thesis on the topic of unsaturated 
soil. He a recipient of a 2013 Prime Minister’s Australia Asia 
Endeavour Award. 

 

Associate 
Professor 
Olivier Buzzi 
BE MSc PhD 

Dr Olivier Buzzi graduated from the Ecole Normale Superieure de 
Cachan (France) with an Agrégation in Civil Engineering in 2000, and 
obtained a PhD in Geomechanics in 2004 from the University of 
Grenoble. His research spans from experimental unsaturated soils to 
rockfall and rock mechanics. He is an Editorial Board Member for 
Computers and Geotechnics and Rock Mechanics and Rock Engineering 
and an Associate Editor for Canadian Geotechnical Journal. 

 

Emeritus 
Professor 
John Carter 
AM BE PhD DEng 
FAA FTSE FAIB 
FIEAust, CPEng 
GAICD 

Dr John Carter is Emeritus Professor and former Dean of Engineering 
at The University of Newcastle, Australia. He received his bachelor’s 
degree in civil engineering and PhD in geomechanics from the 
University of Sydney. He has also worked in various teaching and 
research roles at the University of Sydney, University of Queensland, 
Cambridge University and Cornell University. He has broad research 
interests in soil and rock mechanics, including computational 
geomechanics. 

 

Professor 
Stephen Fityus 
BE(Hons I) BSc 
PhD 

Professor Fityus obtained his PhD from The University of Newcastle on 
‘Transport processes in unsaturated soils’ and has been on staff there 
since 2000. He has worked in field and laboratory testing of expansive 
soils, but his recent research extends to engineering geology, soft 
soils, rockfall phenomena and properties of mine wastes. 
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Doctor 
Anna Giacomini 
MSc PhD 

Dr Anna Giacomini received her PhD in civil engineering in 2003 from 
the University of Parma, where she also completed a master’s degree 
in civil engineering. Her main research interests are in rock mechanics 
and rockfall analyses. She leads three major ACARP projects on 
geotechnical hazard and mitigation, and is a principal researcher for 
an ARC project on developing new designs for rockfall protection 
barriers. She is an Editorial Board Member for Computers and 
Geotechnics. 

 

Doctor 
Jim Hambleton 
BCE MSc PhD 

Dr Jim Hambleton received his PhD in civil engineering in 2010 from 
the University of Minnesota, where he also completed bachelor’s and 
master’s degrees in civil engineering. His main research interests are 
in computational mechanics, plasticity, geotechnical analysis, contact 
mechanics, soil-structure interaction, and soil-machine interaction 
(SMI). He is an Editorial Board Member for Computers and Geotechnics 
and an ARC Discovery Early Career Researcher Award (DECRA) Fellow. 

 

Doctor 
Jinsong Huang 
BE MS PhD MASCE 

Dr Jinsong Huang obtained his BE, MS and PhD Degrees in civil 
engineering from Huazhong University of Science and Technology. His 
main research interests are in georisk, computational geomechanics, 
contact dynamics, and hydraulic fracturing. He is an Editorial Board 
Member for Computers and Geotechnics and Georisk. He is a 
committee member for the ASCE RAM and the ISSMGE TC304, and 
received a Regional Contribution Award from IACMAG.  

 

Professor 
Richard Kelly 
BE PhD FIEAust 
CPENG RPEQ 

Dr Richard Kelly is Chief Technical Principal Geotechnical for SMEC 
Australia, an Honorary Professorial Fellow at the University of 
Wollongong and a Visiting Industry Fellow with the CGMM. His main 
research interests are in site characterisation, soft soil engineering, 
and foundations. He is an executive member of ISSMGE TC102 Site 
Characterisation, an Editorial Board Member for Ground Improvement 
(ICE), and an Organizer for the ISC5 Conference (Sept. 2016). 

 

Doctor 
George Kouretzis 
DiplEng MSc PhD 
MIEAust 

Kouretzis’ research interests are in pipeline engineering, soil-
structure interaction, computational geomechanics, earthquake 
engineering and in situ soil testing. In parallel, he is involved as an 
expert consultant in various energy and transportation infrastructure 
projects. He currently serves as Associate Editor of Canadian 
Geotechnical Journal, sits on the Editorial Board of Computers and 
Geotechnics, and serves as an expert reviewer for several 
international funding bodies. 

 

Doctor 
Xianfeng Liu 
BE MSc PhD 

Dr Xianfeng Liu completed his bachelor’s and master’s degrees in 
Southwest Jiaotong University (China) in 2005 and obtained a PhD in 
Geomechanics in 2010 from Ecole Centrale de Nantes (France). His 
research spans from experimental unsaturated soils to rock mechanics 
and geoenvironmental engineering, as well as soil dynamics. He serves 
as a reviewer for Canadian Geotechnical Journal, Computers and 
Geotechnics, and Soils and Foundations. 
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Doctor 
Martí Lloret-
Cabot 
MSc PhD 

Dr Martí Lloret-Cabot graduated in civil engineering at UPC 
(Barcelona). He then moved to Glasgow to pursue a PhD in modeling 
of unsaturated soils through the Scottish collaborative programme 
Synergy. He received his PhD in 2011 from Strathclyde and Glasgow 
universities. His Marie Curie Fellowship at TU Delft focused on 
modeling of soil variability and geostatistics (research recently 
awarded best paper contribution for 2014 in GeoRisk). 

 

Conjoint Associate 
Professor 
Richard Merifield 
BE(Hons I) PhD 
MIEAust CPENG  

Richard Merifield has more than 20 years’ experience at both an 
academic and industry level, and currently holds a national technical 
role with one of Australia’s largest geotechnical consulting firms. 
Much of his research has focused on applying advanced numerical 
modeling techniques to develop robust design procedures for 
practising geotechnical engineers. He is an Editorial Board Member for 
Canadian Geotechnical Journal and the recipient of the 2000 Telford 
Medal. 

 

Doctor 
Jubert Pineda 
BCE MEng PhD 

Dr Pineda received his PhD in geotechnical engineering from UPC 
(Barcelona) in 2012. His research interests are in the field of soil 
behavior and experimental geomechanics. This includes the 
development of physical models and prototypes for studying a variety 
of problems observed in engineering practice, such as soil-
environment interactions in geomaterials, coupled processes related 
to sampling and destructuration of soft soils, and the behavior of 
compacted soils. 

 

Doctor 
Hassan Sabetamal 
BSc MSc PhD 

Dr Hassan Sabetamal received his PhD in civil engineering in 2015 
from The University of Newcastle. He holds a bachelor’s degree in 
civil engineering and received a Master of Science in geotechnical 
engineering in 2007 from the University of Tabriz, Iran. His main 
research interests are in computational geomechanics, plasticity, soil 
dynamics, contact mechanics and soil-structure interaction. He is the 
recipient of an AGS NSW Research Award. 

 

Doctor 
Michele Spadari 
MSc PhD 

Dr Spadari graduated in civil engineering from Università degli Studi di 
Parma, Italy, and then obtained a PhD from The University of 
Newcastle in 2013. His research interests include in situ rockfall tests, 
rockfall hazard analysis, numerical modeling of rockfall barriers, and 
laboratory testing of full-scale barriers and components. He is 
currently employed as a Professional Officer in the Civil Engineering 
Laboratory at Newcastle. 

 

Doctor 
Laxmi P. Suwal 
ME PhD 

Dr Laxmi Prasad Suwal received his PhD in civil (geotechnical) 
engineering in 2013 from the University of Tokyo Japan, where he also 
completed a master’s degree in civil engineering. His main research 
interests are in laboratory based studies, particularly the deformation 
characteristics, small-strain stiffness, and elastic wave measurement 
of geomaterials and soft clay. His is currently involved in the 
investigation of Ballina clay, very soft estuarine clay from Ballina, 
NSW, Australia. 
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Doctor 
Brett Turner 
BSc(Hons I) PhD 

Dr Brett Turner received his PhD in environmental engineering in 2003 
from The University of Newcastle, where he also completed a 
bachelor’s degree in science and a first class honors degree in 
chemistry. His main research interests are in biogeochemistry, 
hydrogeology, contaminant transport, in situ testing, and 
contaminated site remediation. He is the recipient of an ARC 
Discovery Indigenous Researcher Award. 

 

Doctor 
Chet Vignes 
BS PhD 

Dr Chet Vignes received his PhD in mechanical engineering from the 
University of California, Berkeley, USA in 2009. His primary research 
field is computational solid mechanics with an emphasis on fracture 
mechanics, finite plasticity, and granular contact dynamics. 

 

Associate 
Professor 
Shanyong Wang 
BE MPhil PhD 

Dr Shanyong Wang received his PhD in civil engineering in 2006 from 
City University of Hong Kong. His main research interests are in soft 
and problematic soil improvement, compaction and fracture grouting, 
rock mechanics, coupled multi-physics modeling, and FEM/DEM. He is 
on the editorial boards of Soils and Foundations, Bulletin of 
Engineering Geology and the Environment, and Proceedings of ICE-
Geotechnical Engineering. He is also the recipient of an ARC Future 
Fellowship. 

 

Doctor 
Daniel Wilson 
BCE(Hons I) PhD 

Dr Daniel Wilson received his PhD in civil engineering in 2013 from The 
University of Newcastle, where he also completed his bachelor’s 
degree in civil engineering. His main research interests include 
computational plasticity, finite element methods, numerical analysis 
and their applications. His paper titled ‘Stability of a single tunnel in 
cohesive–frictional soil subjected to surcharge loading’ was awarded 
Editor’s Choice by Canadian Geotechnical Journal. 

 

Doctor 
Chao Yang 
BEng MEng PhD 

Dr Chao Yang completed his PhD in geotechnical engineering in 2008 
from Tongji University, China and École Nationale des Ponts et 
Chaussées, France. His main research interests are in soil mechanics, 
constitutive modeling of geomaterials, infrastructure-related 
geotechnical problems (i.e., embankment of high-speed railways and 
roads, and shield tunnelling), and environmental geotechnics. 

 

Doctor 
Xue Zhang 
BEng MEng PhD 

Dr Xue Zhang received his PhD in geotechnical engineering in 2014 
from The University of Newcastle, after he completed bachelor’s and 
master’s degrees in engineering mechanics and solid mechanics, 
respectively, at Dalian University of Technology, China. His main 
research interests are in computational mechanics, aerial/submarine 
landslides, shale fracture, soil-structure interaction and granular 
flow. He is the recipient of an AGS NSW Research Award. 

 

ISSMGE Bulletin: Volume 9,  Issue 6         Page 17 

 

Research Highlights (Con’t) 
Centre for Geotechnical and Materials Modelling, The University of 
Newcastle, Australia 



 

Design and Case Histories of Large Deep Excavations in Complex Urban 
Environment in Shanghai 

 
W. D. Wang1,2, Z. H. Xu1,2, Q. Li1,2 
1 Department of Underground Structure and Geotechnical Engineering, East China Architectural Design 
and Research Institute Co., Ltd., Shanghai, People’s Republic of China 
2 Shanghai Engineering Research Center of Safety Control for Facilities Adjacent to Deep Excavations, 
Shanghai, People’s Republic of China 
 

Abstract 
With rapid infrastructure construction and urban redevelopment, there has been an increasing demand for 
utilization of underground spaces which give rise to a large number of excavation projects. In the past 
decade, a series of new trends have emerged on excavation engineering in Shanghai. As available ground 
resources in congested urban areas are scarce, excavations become much larger and deeper than before 
to maximize land use as much as possible. On the other hand, more and more excavations have to be 
carried out in close proximity to existing buildings, tunnels, utilities and other structures. Any severe 
damage to the nearby utilities probably lead to economic losses and complicated conflicts among owners, 
tenants, utility customers and the public. As a consequence, it is of great concern to not only ensure the 
safety of excavation itself but to mitigate adverse excavation-induced influences on adjacent environment. 
This paper presents recent developments in practical design and construction techniques of controlling 
excavation-induced deformations in Shanghai. Commonly used techniques including top-down construction 
method, ground improvement, zoned excavation method and underpinning technique are described and 
discussed, giving details of procedures involved and both advantages and drawbacks faced in each method. 
Relevant instrumented case histories executed by the authors’ firm along with experiences on excavations 
in different types of urban environments are reported as well. 
 

Introduction 
Shanghai is one of the important global financial centers having a population of more than 24 million as of 
2014. In the past three decades, unprecedented economic development and urbanization lead to an 
increasing requirement of large underground spaces, which can serve as basements of high-rise buildings, 
metro tunnels and stations, underground power stations and infrastructures of various kinds. Whereas, 
ground resources readily available especially in urban areas are extremely scarce. Hence, property 
developers tend to specify deep basements to maximize land use. All the trends call for larger and deeper 
excavations than before. Nowadays, large scale deep excavations with an area of more than 100,000 m2 
are not rare. Figure 1(a) shows a typical large project of Shanghai Hongqiao international airport transport 
hub, which covers a footprint of 350,000 m2. It is the biggest transport center in China, consisting of 
interchange stations for five different metro lines, two traffic squares, a high speed railway station, and a 
station for the Maglev train connecting Hongqiao and Pudong international airports (Wang et al., 2015). 
The excavation of the North Square of Shanghai South Railway Station as shown in Figure 1(b) reaches up 
to 40,000 m2. For Shanghai International Financial Center in Figure 1(c), the area and the depth of the 
excavation are 42,000 m2 and ranging from 26.6 m to 28.1 m, respectively. Both bottom up and top down 
construction methods have been used to construct the project. 
 
Deep excavation has the potential to cause unfavourable effects on nearby ground as well as structures 
and facilities around it. With increasing number of excavations constructed in congested urban areas, it is 
necessary not only to ensure the safety of the excavation, but to minimize ground and wall displacements 
and hence to guarantee the serviceability of adjacent properties. Typical existing structures located in 
close proximity to an excavation involve but not limited to buildings founded on shallow and pile 
foundations, pipelines, metro tunnels and stations (see Figure 2), which are referred to as environment 
hereafter. Although design and construction of excavations are stringently regulated by national and local 
codes, unexpected damages to adjacent environment occur from time to time. It is always a challenge for 
geotechnical engineers to take appropriate measures to mitigate excavation-induced deformation so as to 
minimize its effect on nearby sensitive buildings and utilities, especially in soft clays. As a consequence,  
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Figure 1. Typical deep and large excavation projects in Shanghai: (a) Hongqiao International Airport 

Transportation Hub; (b) North Square of Shanghai South Railway Station and (c) Shanghai International 
Financial Center 

 
more issues have to be thoroughly considered throughout design and construction of excavations in 
complex urban environment. 
 
In this paper, recent developments in practical design and construction techniques of controlling 
excavation-induced deformations in Shanghai are presented. Commonly used techniques including top-
down construction method, ground improvement, zoned excavation method and underpinning are 
described and discussed, giving details of procedures involved and both advantages and drawbacks faced 
in each method. Relevant instrumented case histories along with experiences on excavations in different 
types of urban environment are reported as well. 
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Figure 2. Structures located adjacent to excavations in urban areas 

 

Typical Geological Conditions in Shanghai 

Table 1. Description of typical Shanghai soil strata (modified from Gao et al., 1986) 

Sequence Soil description Thickness (m) Geological origin Notes 

① Fill < 3 River estuary alluvial 
deposits 

 

② Silty clay 2-3 
Over-consolidated 

(Stiff surface 
crust) 

③ Soft silty clay 5-10 Shallow sea deposits 

Normally 
consolidated 

④ Soft clay 3-10 

⑤ Silty clay 5-15 

Littoral shallow sea 
marsh deposits; 
littoral-fluvial 
deposits 

⑥ Stiff clay ~ 3 Lacustrine deposits Over-consolidated 

⑦ 
Very fine to fine 

sand 
5-15 

Fluvial deposits Aquifer I 

⑧ Silty clay 20-30 Shallow sea deposits  

 
Shanghai is located at the estuary of Yangtze River delta. During the late Tertiary and Quaternary periods 
(about three million years ago), the delta was subjected to alternating marine transgressions and 
regressions due to climate changes. The geology is composed of very thick (around 150-400 m) complex 
deposits consisting of thick clay layers sandwiched by sand layers (confining aquifers). The top 40-50 m 
soils are most frequently encountered in geotechnical engineering work. Gao et al. (1986) divided the 
uppermost 50 m soils in Shanghai into eight layers as described in Table 1. The top two layers are fill and 
yellowish silty clay. The second layer is over-consolidated and commonly referred to as stiff surface crust. 
Following are soft clay layers of thickness ranging from about 10 to 20 m. The soft clay has relatively 
higher natural water content, void ratio and compressibility but lower shear strength. Underneath the soft 

clay are layer ⑤-silty clay and layer ⑥-dark green stiff clay. Unlike the normally consolidated layer ⑤, 
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layer ⑥ is over-consolidated and only has a thickness of about 3 m. Beneath the clay layers is a very fine 
to fine sand layer which is the first aquifer with a hydraulic head of about 3-8 m below ground surface.  
 

 
Figure 3. Typical soil profile and geotechnical parameters 

 

A typical soil profile and soil properties in Shanghai is shown in Figure 3. The unit weight (t) of soils 
decreases from 19 kN/m3 near the ground surface to 16.5 kN/m3 at 10 m below ground in the soft/silty 
clay layer, and then increases to 19 kN/m3 below 30 m. For the soft (silty) clay layers, the measured 
values of natural water content (wn) are greater than the liquid limit of each soil, suggesting the soft and 
compressible nature of the soils. The undrained shear strength obtained from in-situ vane shear tests is 

less than 40 kPa. The variations in the measured void ratio (e0) is consistent with the profiles of t and wn. 
The cone tip resistance qt increases gradually with depth in clay layers, whereas it increases suddenly to 
an average value of 10 MPa in the sand layer. The measured permeability of clay layers is of the order of 
10-8 m/s, while the value for the fine sand (Aquifer I) can be as high as 10-5 m/s (Wang and Xu, 2012). The 
main ground water table is generally located at 0.5-1.0 m below the ground surface. 
 

Deformation Criteria 
The design and construction of deep excavations in urban environment is often governed by the tolerance 
of adjacent environment to excavation-induced deformations. Precise prediction of the deformations due 
to a deep excavation using advanced numerical analysis is not simple because of the uncertainties in 
geological conditions, three-dimensional nature of the problem, incorporation of human factors and so on. 
Assessment on local reliable and well-documented case histories is an alternative approach to provide 
limiting deformation criteria against unacceptable damages and to give some guidelines for geotechnical 
engineers to make reasonable predictions.  
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Table 2. Classification of excavations according to adjacent environment (SUCTC, 2010) 

Neighboring conditions (type of structures and other 
properties adjacent to excavations) 

Distance away from the 
excavation (s) 

Protection 
level 

Historic buildings, industrial plants with precise equipment 
and machinery, important buildings on shallow foundations 
or short pile foundations, metro tunnels, flood walls and 
other important infrastructures such as water, gas and 
sewer networks 

s≤H I 

H<s≤2H II 

2H<s≤4H III 

Normal buildings on shallow foundations or short pile 
foundations, infrastructures such as water, gas and sewer 
networks 

s≤H II 

H<s≤2H III 

Note: H is excavation depth. 
 
 
Table 3. Deformation criteria on excavations in Shanghai (SUCTC, 2010) 

Protection 
level 

Permissible maximum wall 
displacement 

Permissible maximum ground 
settlement 

I 0.18%H 0.14%H 

II 0.3%H 0.25%H 
III 0.7%H 0.55%H 

 
 
In Shanghai, deep excavations can be categorized into three protection levels, depending on types of 
adjacent properties as well as the distance away from them (Table 2). For each level, the relationship 
between the maximum lateral wall displacements and excavation depth has been thoroughly investigated 
by using statistical methods on the basis of a large number of heavily instrumented case histories. The 
mean value of measured maximum lateral wall displacement is set to be the permissible wall 
displacement. The limit values of maximum wall displacement are found to be 0.18%H, 0.3%H and 0.7%H 
for Class I, II and III excavations, respectively. The maximum ground surface settlement are approximately 
0.8 times the permissible maximum lateral wall displacement for all cases. According to practices in 
Shanghai, existing structures and properties have rarely been damaged as long as excavation-induced 
deformation are stringently controlled based on the criteria given in Table 3.  
 

Environmental Protection Techniques 
It is well-acknowledged that removal of soil with the excavation process would inevitably lead to stress 
changes initiating noticeable ground deformations, the influence zone of which can extend to several 
times of the excavation depth behind the wall. As illustrated in Figure 4, protection of the nearby 
environment can be achieved by: (1) controlling deformations associated with excavations within desirable 
limits; (2) installing a barrier between the excavation and nearby structures to block the spread of 
induced deformations; (3) increasing the ability of affected structures to resist the deformations. Four 
commonly used protection measures including a top-down construction method, ground improvement, 
zoned excavation method and underpinning will be discussed, giving details of procedures involved and 
both advantages and drawbacks faced in each method. 
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(a) (b) (c) 

Figure 4. Mitigation of adverse influences on nearby environment by: (a) controlling excavation 
deformations; (b) installing a barrier to block spread of deformations; and (c) increasing structure’s ability 

to resist excavation-induced deformations 
 
Top down method 
In contrast to the bottom-up method, in the top-down method, the ground floor slab is cast first and then 
excavation and construction of basement proceed downwards at the same time. It is effective to minimize 
lateral wall displacements, as retaining walls are restricted by floor slabs which are more stiffer than 
temporary reinforced concrete or steel struts. Wang et al. (2010) collected a total of 232 case histories of 
wall displacements for deep excavations in different types of neighbouring environment. Among these 
cases, 200 excavations were constructed by using the bottom up method while the other 32 excavations by 

the top down method. As demonstrated in Figure 5, the maximum average wall displacement hm for the 
top down system is about 0.27%H (H is excavation depth), less than the value of 0.4%H for those using the 
bottom up method. The direct comparison suggests the top-down method is an option to minimize wall 
displacements and reduce adverse effects on adjacent properties in Shanghai soft clay. 
 

 
(a) bottom up method (b) top down method 

  
Figure 5. Comparison of maximum lateral wall displacements for excavations constructed using: (a) 

bottom up method; and (b) top down method (Wang et al., 2010) 
 
 
Figure 6 shows the excavation of Shanghai 50 kV World Expo Underground Transmission and Substation, 
where only underground structures were continuously constructed together with downward excavation. 
Several openings were left in roof slabs allowing for transportation of spoil, materials and machinery as 
shown in the figure. An extension of the conventional top down method is concurrent upward and 
downward method, also called the up-down method, in which excavation and construction of  
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superstructures are carried out simultaneously upon the completion of roof slabs. Figure 7 shows the 
excavation of Jing’an transportation hub, which was intended to alleviate the congested traffic problem in 
the densely populated area. The contractor expected the podiums to be open for use before all basements 
were completed. In this case, it was of advantages to use the concurrent upward and downward method 
to expedite the construction. In the end, not only the total construction program but also interests 
accrued on loan have been saved. The trend that more projects are constructed under fast-track schedule 
may also be an important driver to the growing popularity of the top-down construction method. 
 

 
Figure 6. Excavation of Shanghai 50 kV World Expo Underground Transmission and Substation 

 

 
Figure 7. Excavation of Jing’an transportation hub constructed using concurrent upward and downward 

method (excavation area=16000 m2, excavation depth=17.2 m) 
 

 
Ground improvement 
The top 40 m soil deposits in Shanghai are relatively soft (refer to Table 1 and Figure 3). The deformations 
of retaining structures could not be fully controlled by only increasing wall stiffness when excavations are 
carried out in such soft ground. It is therefore necessary to increase ground stiffness and hence to restrain 
lateral wall deformations by improving soils inside excavation with cement slurry using either the deep-
mixing method or the jet-grouting method. Two commonly used deep mixing methods are dual-auger 
method and triple-auger method. The principles of the two mixing system are identical, whereas the 
latter one can improve soil at greater depth. The deep mixing method utilizes mechanical augers, while 
the jet grouting utilizes pipes with high-pressure grouts. Typical design parameters of each method 
applied in Shanghai are summarized in Table 4, including water cement ratio, mass of cement slurry and 
28-day unconfined compressive strength. 
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Table 4. Design parameters of ground improvement techniques 

Ground improvement 
techniques 

Cement slurry 
(by mass) 

Water cement (w/c) 
ratio 

28-day unconfined 
compressive strength  

Deep soil mixing (dual-auger) 13% 0.45-0.6 ≥ 0.6 MPa 

Deep soil mixing (triple-auger) 20% 1.5-2.0 ≥ 0.8 MPa 

Jet grouting 25% 0.8-1.5 ≥ 1.0 MPa 

 

A number of variations in soil improvement arrangement are applied in practical excavation work, largely 
depending on geological conditions of the construction site and neighborhood environment conditions. The 
arrangements include block type, wall type, strip type and edge type. It is clear that block type and strip 
type are the most efficient in resisting lateral wall deformation because of the higher volume of treated 
soil, but on the other hand, they are much more expensive. Given such economic considerations, the wall 
type and edge type are more frequently used in practices in Shanghai.  

 
 

Figure 8. Arrangement of soil improvement inside excavations 
 
Zoned excavation 
Zoned excavation method is often applied in large-scale excavations where the construction site is 
separated into smaller zones and the excavation process is carried out zone-by-zone. Once the area is 
reduced, it can speed up the excavation process and construction of struts for each zone to form a 
complete retaining system early. This is important for the projects in soft clay where secondary 
compression may take a noticeable proportion of wall and ground deformations if the construction lasts 
for a long period. The excavation procedure in each zone is similar to conventional approaches.  
 

 
(a) (b) 

  
Figure 9. Schematic diagram showing zoned excavation: (a) combination of bottom up and top down 

construction; (b) zoned bottom up construction 
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As shown in Figure 9(a), a large-scale excavation is divided into two comparable zones, A and B. Each zone 
takes a different construction method according to the nearby environment conditions. Area A that is far 
away from existing buildings is constructed firstly using the bottom up method while keeping area B intact. 
Since the buildings are beyond the main influence zones of area A because of the existence of area B in 
between. The excavation-induced influences on the buildings are supposed to be limited during this stage. 
After completion of underground structures in area A, it proceeds to the construction of area B by using 
the top down method. As the result of large lateral stiffness the top-down method can provide, the effect 
of excavation on buildings tends to be less significant.  
 
Figure 9(b) shows another common practice that splitting an excavation into a large area (Zone I) together 
with a narrow rectangular one (Zone II) in an attempt to ensure the safety of adjacent existing tunnels 
and metro stations. Based on practical experiences, the small rectangular area is generally set to be about 
20 m wide. Prior to construction, the soil in the small area is improved by deep-mixing method in a block 
type. The rectangular area thus functions like a rigid wall that can reduce the magnitude of soil and 
tunnel movements towards the excavation. For some cases, the rectangular area would be further divided 
into a number of sections, each of which is about 50 m long. 
 

 
(a) (b) 

  
Figure 10. (a) Load compensation servo for steel struts; (b) close-up of the connection between retaining 

wall and the servo 
 
The narrow excavation is generally supported by steel pipe struts of a diameter of 609 mm, which are 
mounted on steel wale beams or directly on diaphragm walls. In order to conform to the stringent 
regulation on tunnel movement of less than 20 mm, a novel load compensation servo system as shown in 
Figure 10 has been developed. The system is able to monitor the strut load constantly during the course of 
construction and to adjust the axial loading automatically once the observed value deviates largely from 
the permissible limit. The successful application of the strut system in a variety of projects has proved it 
to a reliable and efficient technique to reduce excavation-induced influences on nearby metro tunnels and 
stations. 
 
Underpinning 
When a structure is located within the primary influence zones (Hsieh and Ou, 1998), excessive 
settlements and large angular distortions may generate, causing unintentional damages to the existing 
structure. This damage does not depend only on the induced ground deformations but also on the 
structural sensitivity of the affected building. Masonry load bearing walls or frames with masonry in-fill 
walls rested on shallow foundations are most vulnerable to differential settlement. Under certain 
circumstances, it is hence required to underpin a structure as a safeguard against possible settlements 
before the commencement of excavation. Underpinning is a broad term to describe the process of 
installing new supports under an existing foundation. There are a variety of underpinning methods and the 
selection of an appropriate underpinning technique is dependent on geotechnical conditions, access to  
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foundations, type of existing building foundation, type of building structure, and magnitude of the 
building loads.  
 
Shanghai city has many great historic buildings which were constructed in the late nineteenth or early 
twentieth century. Most of the buildings are typically composed of load bearing brick walls and columns 
supported on shallow foundations. These buildings are delicate and vulnerable to ground movements of 
small magnitude. Jack-down piling method has been used in Shanghai to reinforce fragile buildings in 
urban areas since it is almost silent and vibration-free. After the provision of a suitable reaction medium, 
e.g., existing or newly constructed reinforced concrete ground, segmental steel casings or precast 
concrete piles are jacked in sections to a designed depth, as we can see from Figure 11. The piles are 
concreted and bonded to existing columns. Because of the unique size and adaptability of jack rigs, the 
jack-down piling method can be used in the most difficult areas with small operating clearance. 
 

 
 

Figure 11. Underpinning column foundation with jack-down piles 

 

 
Figure 12. Underpinning brick wall foundation with pile and beam 
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To protect brick walls of the delicate buildings, a pair of piles are installed on either side of the affected 
wall. A pocket of brickwork is then removed and a steel cage is installed to span over the two piles at 
intervals. To improve the integrity of the new foundation, the needle beams are often connected by a 
reinforced concrete beam as shown in Figure 12. Compared with traditional underpinning methods which 
entail a large amount of excavations and labor work, the aforementioned underpinning techniques are 
quicker and result in less disturbance to these buildings. 
 

Case Histories 
 
Xingye Building 
Figure 13 shows the plan view of excavation for Xingye Building which is located in the old downtown of 
Shanghai. The building has 19 floors above the ground and a three-level basement. The excavation depth 
of the west side and east side of the basement was 14.4 m and 12.4 m, respectively. The construction site, 
covering a footprint of 7,800 m2, was adjacent to 15 existing buildings, among which Building A ~ Building 
H were historic buildings. Building A is a reinforced concrete frame structure constructed in 1949. It is 
rested on a piled box foundation, which utilizes wooded piles driven into a stiff clay layer. The distance 
from periphery of the excavation to the historic building was about 8.0 m. Besides, a large number of old 
pipelines were embedded underneath Hankou Road and Sichuan Road. Anxiety on safety may arise if 
excavation activities lead to cosmetic or further structural damages to these old buildings. The excavation 
is hence classified as Class I with respect to the protection level as indicated in Table 2. Top-down 
construction method was adopted in an attempt to protect the old buildings and pipelines. A 1 m-thick 
diaphragm wall was installed to a depth of 31.2 m at the west and south sides that were close to the 
existing historic buildings, while a 0.8 m thick diaphragm wall was used for the north and east sides. To 
reduce the effects of wall installation on the delicate buildings, each wall panel was 4.2 m long rather 
than the common practice of 6 m in Shanghai. Concrete-filled steel tubes of a diameter of 609 mm were 
taken to support the vertical loading of underground structures during the course of excavation, and the 
steel tubes were finally encased with concrete to form the permanent columns. In addition to adopting a 
top-down method, peripheral 6 m-wide soil inside the excavation was improved from the ground surface 
to 5 m below the formation level to enhance the resistance to lateral ground and wall deformations.  
 

 
(a) (b) 

  
Figure 13. Excavation of Xingye building: (a) plan view; (b) cross section m-m 
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Figure 14 shows the development of lateral wall displacements at P1 as well as corresponding ground 
surface settlements behind the wall. Prior to the construction of roof slabs, cantilever-type wall 
displacement was observed when soil was removed. Afterwards, since the top of the wall was resisted by 
the roof slab, a deep-seated profile developed as the excavation proceeded downwards. Upon completion 
of bottom slabs, the measured maximum lateral wall movement was 37.9 mm, which is equal to about 

0.3% of the excavation depth (H). As expected, the ground surface settlement v decreased with an 

increase in the distance from the diaphragm wall. The v reached to its maximum value of 22.4 mm at 
about 10 m behind the wall and then decreased gradually. The ground surface settlement profile turns to 
be a concave type (Ou, 2006), and the influence zone extends to at least 2H behind the wall. The ratios of 

v-max to h-max
 ranges from 0.6 to 0.7, slightly less than the results measured by Ng et al. (2012) in a narrow 

rectangular excavation. 
 

 
 

Figure 14. Measured lateral wall displacements and ground settlements at P1 
 
According to the evaluation report of Building A, some cracks already existed in the in-filled brick walls 
prior to excavation. Figure 15 shows the settlement profile of Building A at the final excavation stage. 
Although the maximum settlement of the building was up to 27.2 mm, the measured maximum angular 
distortion was about 1/780, which was less than the empirical limit value of angular distortion of 1/500 
for a reinforced frame structure proposed by Polshin and Tokar (1957). As a result, the structures of the 
building were not subject to further damages during the course of the excavation. 
 

 
 

Figure 15. Settlement profile of Building A at the final excavation stage 
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Jing’an Transportation Hub  
The Jing’an Transportation Hub is located in the downtown area of Jing’an district. The project comprised 
a 20-story tower and 8-story podiums equipped with a three-level basement (refer to Figure 16 for the 
architectural drawings). The construction site occupied an area of about 15,916 m2. As shown in Figure 16, 
there existed roads, metro tunnels, buildings as well as various types of pipelines around the site. The 
shield tunnels of Metro Line 7 (in service) run parallel to the east side of the excavation and were 
embedded about 10 m underneath the Changde Road. The minimum distance between the tunnels and the 
excavation was only about 8.6 m. On the south side stood an old Building B, which was about 12 m away 
from the excavation. The building had 8 stories and was rested on piled raft foundations with a pile length 
of 18 m. The buildings on the east side were also close to the site. The excavation depth at the tower area 
was 15.0 m and ranged from 14.5 m to 15.2 m for the podium area. 
 
 

 
 

Figure 16. Plane view of the construction site and adjacent environment 
 
Considering the excavation area, the excavation depth, and the protection requirements of the adjacent 
facilities, zoned excavation technique was adopted in this project. The excavation was divided into a 
relatively large pit (Zone II) and a small one (Zone I), as shown in Figure 17. Zone I was 16.3 m wide and 
adjacent to the metro tunnels. The two excavations were separated by a temporary diaphragm wall in 
between. Zone I was constructed first by bottom-up method. Upon the completion of underground 
structures in the small area, Zone II was constructed by using the top-down method. 
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Figure 17. Zoned excavation plan and layout of instrumentation 

 
The small narrow excavation (Zone I) was retained by a 1000 mm thick diaphragm wall along the side 
adjacent to tunnels. The embedded length, i.e., the wall length below the final formation level was 22.9 
m. While a 800-mm thick diaphragm wall was installed to be the temporary retaining wall between the 
two zones. The excavation was supported by four levels of struts. The first level prop used 800 mm × 800 
mm reinforced concrete struts while the other three utilized steel tube struts with a diameter of 609 mm 
and a thickness of 16 mm. All the struts were installed at a 6 m spacing in plan. Instead of using 
reinforced concrete or steel struts, structural slabs were used to resist lateral wall displacements in Zone 
II. The roof slab (B0) was designed as a platform for soil excavators, trucks and other construction 
machines to walk on. Big access openings (see Figure 17) were left in the roof slabs to facilitate the 
transportation of soil spoil and delivery of building materials. A big opening was also left at the tower area. 
The excavation at this part was temporarily supported by reinforced concrete struts. Upon completion of 
bottom slabs, the tower building was constructed upwards. Details of retaining structures can be referred 
to Figure 18. 
 
The excavation was heavily instrumented (refer to Figure 17) and the responses of retaining structures 
together with nearby tunnels, buildings and pipelines were continuously monitored throughout 
construction. Figure 19 compares lateral displacement profiles of diaphragm walls in Zone I and Zone II. It 
can be seen that the lateral displacement of wall gradually developed into a deep-seated profile as the 
excavation proceeded downwards. From the second level of strut (-6.1m) to the formation level, all 
excavation activities were carried out in soft (silty) clay layers. As expected, lateral wall displacement 
increase significantly accordingly. The maximum lateral wall deflection δm of X1 and X8 were 16.7 mm and 
20 mm, being equal to 0.11%H and 0.13%H, respectively. It took about 10 days to cast bottom slabs. 
During this period, noticeable lateral displacement increment was observed. It can also be found that the 
maximum lateral displacement generally occurred underneath the formation level in the bottom up 
constructed area. 
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Figure 18. Cross section and geometry of excavation along A-A 

 

 
(a) (b) 

  
Figure 19. Comparison of lateral wall displacements at: (a) Zone I; (b) Zone II 

 
Figure 19b shows typical lateral wall displacement at X30 and X33 in Zone II. The wall displacement 
profile agreed broadly with those in Zone I, but the magnitude was much larger. The maximum wall 
deflection δm of X30 and X33 were 70.2 mm and 60.5 mm, being equal to 0.46%H and 0.40%H, respectively. 
The larger wall displacements may be attributed to the following reasons: (1) the area of Zone I was much 
smaller than that of Zone II so that excavation of Zone I was much faster; (2) average vertical strut 
spacing in Zone I was smaller than that in Zone II; (3) a thicker diaphragm wall was used for the retaining 
structures adjacent to the tunnels; (4) the entire area of Zone I was fully improved while in Zone II only 
the peripheral passive zones were improved. The maximum lateral displacement occurred above the 
formation level, being similar to the wall responses observed in Xingye Building which used top down 
method as well (see Figure 14). 
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Figure 20 shows the vertical tunnel movements along the longitudinal tunnel axis. When Zone I was 
excavated to the formation level, most of tunnel linings moved downward except for locations from T17 
to T21. The maximum tunnel settlement and heave were 8.5 mm and 2.8 mm, respectively. During the 
subsequent excavation of Zone II, tunnel linings moved downward almost uniformly. Another 4.5 m 
settlement was recorded during the period. When excavation in Zone II was finished, the maximum 
settlement of the tunnel was found to be 13.1 mm, which was within the acceptable limit of 20 mm (Hu et 
al., 2003). The maximum angular distortion was 0.059%, occurring near T10. No obvious structural damage 
was observed to tunnel linings and the normal service of the metro line was rarely affected by 
construction activities of the excavation.  

 
 

Figure 20. Measured longitudinal vertical tunnel movements 
 
 
DingDing Bund Building 
A four-story basement for the DingDing Bund building was constructed in the bund area in downtown 
Shanghai. Figure 21 shows the plan view of the site. The construction of the basement involved an 
excavation of 20,000 m2 in area and 19.8 m in depth supported by diaphragm walls. As the site is located 
in downtown area, the environment in the proximity of the excavation is very complex. There were three 
buildings, i.e., main building, south building and north building, which were built in 1906 and have been 
preserved as historical buildings on the northeast of the excavation. All the three buildings were 
reinforced masonry buildings, which used brickwork as load bearing walls and steel pipes or reinforced 
concrete to construct structural columns. Most of the loading bearing walls and interior columns were 
rested on stepped spreading footings made of brick. The closest distance from the excavation to the 
buildings was only about 3.0 m. 
 
On the south of the excavation lied Renmin Road tunnels which run across Huangpu River connecting 
Pudong and Puxi areas. The two tunnels were 6.7 m apart and embedded about 14 m to 22 m below the 
ground surface. The tunnel diameter was 11.36 m. As shown in the figure, the minimum distance between 
the excavation and the tunnels was 9 m. Moreover, there were bund tunnels and a lot of pipelines around 
the excavation. The details of the bund tunnels and pipelines are not presented in this paper. 
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Figure 21. Plan view of construction site and monitoring layout 
 
As the environments around the excavation were complicated, 1000 mm-thick diaphragm walls which were 
supported by five levels of concrete struts were adopted for most areas. The dimensions of each level of 
struts are given in Figure 22. The first level of struts used C30 concrete whose 28-day compressive 
strength was 14.3 MPa. For the rest of struts, C40 concrete of compressive strength of 19.1 MPa was 
adopted. The embedded depth of the diaphragm wall varied from 18.0 m to 34.0 m along the perimeter of 
the excavation depending on both geological conditions and adjacent environments to be protected. Two 
rows of mixed-in-place piles were constructed along either side of the diaphragm wall to reduce the 
influence of wall installation on adjacent environments. Besides, soil at the excavated side from 
underneath the second level strut to six meter below formation level (shadow area as shown in Figure 22) 
was improved by triple-auger deep mixing method.  
 
In order to protect the historical buildings, diaphragm walls near the buildings were increased to be 1200 
mm thick. During the design stage, we proposed that the contractor should underpin the three historic 
buildings before the main excavation commenced. However, due to some unknown reasons, this work did 
not commence until the completion of diaphragm wall installation. The procedures of underpinning 
outside brick walls are illustrated in Figure 23. The ground was first excavated to a certain depth to 
expose spread footings, where a pocket of brick was removed at intervals. Segmental steel pipes were 
then jacked down to a depth of 30 m on either side of the wall. Steel cages were installed to span over 
the brick foundation to form a needle beam. Finally, concrete was poured to allow for a connection of 
jack-down piles, needle beams and the ring beam. The interior columns were also underpinned by jack-
down piles which were connected by a newly constructed reinforced concrete slab. 
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Figure 22. Relationship between excavation and adjacent: (a) historical buildings; (b) tunnels 
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(a) (b) (c) 

Figure 23. Photos showing the sequence of underpinning work: (a) excavation; (b) installation of jack-
down piles; (c) installation of steel cages 

 
To reduce the influence of excavation-induced soil movement on Renmin Road tunnels, a contiguous pile 
wall comprising of 800 mm diameter bored piles at 1100 mm centers was constructed in the middle of the 
excavation and the tunnel. The excavation was carried out by using the bottom-up method. The soil in 
middle of the excavation, i.e., Zone A, was first removed followed by Zones B to D in sequence. For each 
zone, soil was excavated in numerical order (see the inset of Figure 21). 
 
Figure 24 shows the lateral wall displacements behind the wall at each stage. The measured data at Stage 
9 when the second level underground floor slab was constructed is also included for comparison. Before 
the bottom slab being cast, the lateral wall displacements increased significantly as the excavation 
proceeded. The wall deformed in a deep-seated profile and the maximum wall displacement occurred 
near the formation level. Once the bottom slab was completed, additional lateral wall displacements 

were negligible or even reduced. As shown in this figure, the maximum wall displacements max fall in the 
range of 0.24%H~0.58%H (H is excavation depth). The lateral wall displacement at CX5 is smallest due to 
corner effects. Since diaphragm walls at CX11 are 1200 mm thick and offered relatively stiffer supports, 
the measured wall displacements are smaller than those at point CX1 where 1000 mm-thick walls were 
used. 
 

 
(a) (b) (c) 

   

Figure 24. Measured lateral wall displacements at: (a) CX1; (b) CX5; (c) CX11 
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Figure 25. Measured building settlements 
 

 
It should be noted that the historical buildings were not underpinned until diaphragm walls and foundation 
piles had been constructed. As illustrated in Figure 25, the delicate unreinforced buildings settled more 
than 25 mm just during the course of wall installation, contributing to about 50% of the final building 
settlement. After completion of underpinning work, the influence of excavation on the buildings were 
limited until it was excavated to the fifth level of strut. Building settlements increased significantly when 
the final 3 m thick soil was removed. Considering the short distance between underpinning piles and the 
excavation, the excavation-induced deformation may change stresses behind the wall and alter the shaft 
resistance along the piles. Both the total and differential settlements need to be analyzed to evaluate the 
building response. The maximum differential settlement was found to be 1/1800, and no obvious 
structural damages were observed. 
 
Figure 26 shows the development of tunnel movements with time. Since P05 was beyond the excavation 
while P90 was 42 m away from the excavation, the vertical tunnel movements due to excavation were less 
than 3 mm at the two locations. For other locations, tunnel linings continued to heave during the principal 
excavation period, from Stage 2 to Stage 6. It is postulated that the ground heave due to stress relief was 
dominant in the period and the soil behind the wall heaved, causing the tunnel to move upward together. 
The maximum tunnel heave was 15.5 mm. The structural integrity of the tunnels was protected well and it 
operated smoothly throughout the excavation process. 
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Figure 26. Development of tunnel movements with time 
 

Conclusions  
Ground deformations due to excavation, and their effects on the adjacent environment, are increasingly 
important as more underground construction is undertaken in urban areas, but their influences on nearby 
existing buildings, tunnels, utilities and other structures are too often neglected. In Shanghai, excavations 
are categorized into three protection levels for engineering purposes, depending on types of adjacent 
environment as well as the distance away from it. Deformation criteria associated with lateral wall 
displacements and ground surface settlements vary with protection levels.  
 
Ground deformation control and protection of adjacent properties remain challenging for deep 
excavations in soft clays. Various types of protective measures have been commonly applied to control 
ground movements or increase the ability of adjacent structures to tolerate those movements in Shanghai. 
Those measures include, but not limited to, ground improvement technique, top down method, zoned 
excavation technique and underpinning. Four relevant case histories in different urban settings have been 
successfully constructed, proving the aforementioned techniques to be effective in mitigating excavation-
induced influences on nearby environment in Shanghai soft clays. The selection of the mitigating measures 
must be made with comprehensive considerations of geological conditions of the construction site, types 
of structures to be protected, adjacent environment conditions, and so on. As the theory and practice of 
excavation develop, more innovative design and construction techniques are expected in the future. 
 

References 
Gao, D. Z., Wei, D. D. and Hu, Z, X. (1986). Geotechnical properties of Shanghai soils and engineering 

applications. ASTM Special Technical Publication, 161-177. 
Hsieh, P. G. and Ou, C. Y. (1998). Shape of ground surface settlement profiles caused by excavation. 

Canadian Geotechnical Journal, 35(6), 1004-1017. 
Hu, Z. F., Yue, Z. Q., Zhou, J. and Tham, L. G. (2003). Design and construction of a deep excavation in 

soft soils adjacent to the Shanghai Metro tunnels. Canadian Geotechnical Journal, 40(5), 933-948. 
Ng, C. W. W., Hong, Y., Liu, G. B. and Liu, T. (2012). Ground deformations and soil-structure interaction 

of a multi-propped excavation in Shanghai soft clays. Géotechnique, 62(10), 907-921. 
Ou, C. Y. (2006). Deep excavation - theory and practice, Taylor and Francis Group. 
 
 

 

0 100 200 300 400 500 600
5

0

-5

-10

-15

-20
Shanghai regulation

S
et

tl
em

en
t

H
ea

v
e

 p05

 P25

 P40

 P55

 P70

 P90

Time (d) 

V
er

ti
ca

l 
tu

n
n

el
 m

o
v

em
en

t 
(m

m
)

 

 

Stage6

Stage5

Stage2 Stage4

Stage3

Stage1-25

ISSMGE Bulletin: Volume 9,  Issue 6         Page 38 

 

Major Project (Con’t) 
 



Polshin, D. E. and Tokar, R. A. (1957). Maximum allowable non-uniform settlement of structures. In 
Proceedings of the 4th International Confefence on Soil Mechanics and Foundation Engineering, 1(1), 
402-405. 

Shanghai Urban-rural Construction and Transportation Commission (SUCTC). (2010). Technical code for 
excavation engineering (DG/TJ08-61-2010). (in Chinese) 

Wang, J. H., Wang, W. D., Li, Q. and Xu, Z. H. (2015). Design and performance of large excavations for 
Shanghai Hongqiao International Airport Transport Hub using combined retaining structures. Journal 
of Aerospace Engineering-ASCE, 28(6). 

Wang, J. H., Xu, Z. H. and Wang, W. D. (2010). Wall and ground movements due to deep excavations in 
Shanghai soft soils. Journal of Geotechnical and Geoenvironmental Engineering, 136(7), 985-994. 

Wang, W. D. and Xu, Z. H. (2012). Design and construction of deep excavations in Shanghai. In proceedings 
of the 7th International Symposium on Geotechnical Aspects of Underground Construction in Soft 
Ground, Roma, Italy. Viggiani (ed.), Taylor & Francis Group, 667-683. 

ISSMGE Bulletin: Volume 9,  Issue 6         Page 39 

 

Major Project (Con’t) 
 
Major Project (Con’t) 
 



 
As of August 2015 the Australian Geomechanics Society (AGS) had a national membership of 1,872 across 
seven chapters of which approximately half are ISSMGE members. This represents a record number of 
members for the society. We reach our members through our website, quarterly journal, Australian 
Geomechanics, monthly evening seminars in major centres and various specialist seminars and conferences. 
The AGS maintains strong relationships with our affiliated international societies, the ISSMGE, IAEG and 
ISRM. AGS membership includes membership to one of these international societies. In 2015, a total of 942 
AGS members are also the ISSMGE members. The chart below shows our membership growth over the past 
10 years. 

 

 

 

In 2014/2015, a number of invited international speakers presented to our members in Australia, including 
Professor Guy Houlsby (UK), Professor Jim Griffiths (UK), Professor Silvano Marchetti (Italy), and Professor 
Carlos Santamaria (Saudi Arabia). These distinguished speakers help to keep our membership connected to 
state of the art international research and practice in geomechanics. 

The AGS offers a number of formal courses for geotechnical practitioners. Our soil and rock logging course 

was held in several major centres in 2014/2015. Our field techniques for landslide assessment were 

successfully run for the first time and will be run again in the future. New courses on unsaturated soil 

mechanics and GIS for Geotechnical Engineers are proposed to run in 2016. 
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The prestigious John Jaeger award is presented for an outstanding lifetime contribution to the 
geomechanics profession in Australia. The 2015 award winner was Professor John Carter from the 
University of Newcastle. The Practitioner of the year award was presented to Dr. John Simmons. Professor 
Buddhima Indraratna was awarded the Rail Technical Society of Australia Individual Award, Thomas 
Telford Premium Award and the Louis Menard Lecture on ground improvement. 
 
The AGS launched its bid to host the 2021 International Conference on Soil Mechanics and Geotechnical 
Engineering in Sydney will be continuing to campaign for the honour of hosting this conference ahead of 
the vote in 2017. 
 
The AGS is represented on a number of Australian Standards committees. Revision of AS1726-1993 
Geotechnical Site Investigations, progressed to the point whereby a draft is ready to issue for public 
comment. 
 
Our website has undergone progressive updating over 2014 and 2015. We have appointed a new company 
to update and maintain the website. Our members zone has been launched and members now have online 
access to all past editions of our journal Australian Geomechanics. A new membership category has been 
added whereby members can receive their journal in electronic format rather than hard copy. 
 
We have updated Australian Geomechanics to improve the look and reduce the weight of paper that needs 
to be mailed with each issue. 
 
A Twitter page has been launched and engaging through members using other social media is being 
explored. 
 
The 2015 Australia New Zealand Conference on Geomechanics was held in Wellington. This was a 
successful conference. Planning is underway for the next Australia New Zealand Conference to be held in 
Perth, 2019. 
 
The AGS has engaged with Engineer Australia to discuss and provide opinion on the registration of 
geotechnical practitioners through NPER and other schemes, and how state building regulations should 
recognise chartership and qualification of geotechnical engineers. 
 

This will be my final report as chair of the Australian Geomechanics Society as I move into the role of 

Immediate Past Chair. I have enjoyed my role as chair and believe we have been able to improve our 

services to members and strengthen the society over the last 2 years. I wish Dr. Hugo Acosta every success 

in his new role as national chair of the AGS. 

 

 

Darren Paul 

Chair of AGS 
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Technical Review: 
HYDROGEOLOGISTS AND GEOTECHNICAL ENGINEERS – LOST WITHOUT TRANSLATION 

  
By Philip Pells and Steven Pells, Pells Consulting and University of New South Wales 
 

ABSTRACT 
Fundamental to structural, geotechnical, hydraulic and groundwater engineering are coherent, functional, 
mathematical theories that obey the laws of physics and thermodynamics. Whether explicit, or intuitive, 
and though they be simplifications of a complex reality, it is these theories that set engineers apart from 
lay persons. 
 
Like all practitioners, hydrogeologists have developed categorisations of common phenomena to make 
their tasks easier, of which two that are ubiquitous in hydrology are: 
 
1. The notion of ‘aquifers’, and their inverse; ‘aquicludes’ and ‘aquitards’ 
2. The notion of ‘confinement’, and its inverse; ‘connectivity’. 
 
These relate to geology, and mathematics, and are enticing because geology is complex and mathematics 
can be difficult. While the categorisations have been helpful, where the only consideration is groundwater 
production, they are deceptions when it comes to assessing depressurisation impacts. In addition they are 
not scientifically quantifiable with satisfactory precision. 
 
The categorisations form a heuristic, where: 

“heuristics are simplified rules of thumb that make things simple and easy to implement. Their main 

advantage is that the user knows they are not perfect, just expedient, and is therefore less fooled by 

their powers.  They become dangerous when we forget that.” (Taleb, 2012) 
 
In this paper, we trace the etymology of the classification of ‘aquifers’ and ‘confinement’, and the 
development of the current hydrogeologist’s heuristic. We show how this leads to a contagion of error 
when considering depressurisation impacts. We also deal with other words and concepts that are 
particular to hydrogeology, being Specific Storage, Hydraulic Diffusivity, Specific Yield, Specific Retention 
and Transmissivity, and which often mystify civil engineers with conventional training in soil mechanics. 
By translating these hydrogeology terms to those understood by engineers we hope to help 
communications between these closely aligned professionals. 
 

1. INTRODUCTION 

Hydrogeologists and geotechnical engineers typically reach their professions by different academic 
routes – the former mostly from geology and the latter mostly from civil engineering. For historical 
reasons these disciplines have adopted substantially different words to express and define what are 
identical physical and mathematical facts and concepts. The net result is that much of the time 
professionals of the one kind don’t know what the other kind are talking about. 
 
In addition these professions have adopted different heuristics to make their tasks easier, heuristics being: 
“…simplified rules of thumb that make things simple and easy to implement. Their main advantage is 
that the user knows they are not perfect, just expedient, and is therefore less fooled by their powers.  
They become dangerous when we forget that”. (Taleb, 2012) 

 
Thus geotechnical engineering is based substantially on the theory of linear elasticity, even though real 
geotechnical materials are neither elastic, nor linear.  Hydrogeologists in turn depend substantially on two 
heuristic classifications, these being the notions of: 

· ‘aquifers’, and their opposites; ‘aquicludes’ and ‘aquitards’, and 

· “confinement’ and its inverse ‘connectivity’. 
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It is the purpose of this paper to connect the languages of hydrogeology and geotechnical engineering, and 
also to demonstrate that the heuristics adopted, can have important negative consequences.  This accords 
with the point made by Daniel Kahneman: 
“This is the essence of intuitive heuristics; when faced with a difficult question, we often answer an 
easier one instead, usually without noticing the substitution.” 
 
We deal with words and concepts that are particular to hydrogeology, being Specific Storage, Hydraulic 
Diffusivity, Specific Yield, Specific Retention and Transmissivity, and which often mystify civil engineers 
with conventional training in soil mechanics.  By translating these hydrogeology terms to those understood 
by engineers we hope to help communications between these closely aligned professionals. 
 
We also trace the etymology of the classification of ‘aquifers’ and ‘confinement’, and the development of 
the current hydrogeologist’s heuristics, and suggest that, in some situations, these heuristics are 
misleading, and no longer necessary. 
 

2. MATHEMATICAL FUNDAMENTALS THAT ALLOW THE TRANSLATIONS 
Boussinesq (1877 and 1902) established the mathematics of transient groundwater flow through porous 
media by combining the differential equation of flow with the equation of continuity. The resulting 
equation is the same as the heat equation determined by Fourier (1807, 1822) – see Figure 1. The only 
difference is that gravity plays a role in groundwater flow.  
 

 
Figure 1. The heat equation as published by Fourier (1822) 

 
There are about as many versions of the transient groundwater flow equation as there are publications on 
the topic, with authors choosing to use different symbols and words for the same thing1.  We consider that 
a neat presentation of the relevant equations are by Biot (1941).   
The equation for flow in three dimensions is:  
 

∇ℎ2 =  
1

𝑐
  

𝜕ℎ

𝜕𝑡
      (1) 

 
where h = potentiometric (hydraulic) head = 

𝑝

𝛾𝑤
+ 𝑧; t = time, (T);  = Laplace operator; c = consolidation 

coefficient (L2/T). 
 

                                                 
1 For example, in a simple matter, it is found that the parameters for permeability and hydraulic conductivity are 

termed, and symbolised as: 
Ƙ ‘Intrinsic Permeability’  L2 (Verruijt 1970) 
Ki ‘Permeability’  L2 (Kresic 2007) 
k ‘Coefficient of Permeability’  L/T (Verruijt 1970 and Biot 1941) 
K ‘Hydraulic conductivity’  L/T (Kresic 2007) 
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If there is full saturation the consolidation coefficient is: 
 

𝑐 =  
𝑘

𝛼𝛾𝑤
   (L2/T)     (2) 

 

where k = hydraulic conductivity (L/T);  𝛾𝑤 = unit weight of water (M/L2T2); α = compressibility of the bulk 
ground (LT2/M), which is equal to 
 

 
(1+𝜈)(1−2𝜈)

𝐸(1−𝜈)      (3) 

 
where ν =Poisson’s ratio; E =Young’s Modulus (M/LT2). 
 
Equations 1 to 3 are for any transient flow problem in a saturated compressible medium.  They assume 
Darcy seepage, small strain theory, linear elasticity and permeability independent of effective stress.  
They also assume that water is incompressible, although compressibility of the pore fluid requires only a 
minor modification to Equation 1. 
 
These assumptions are reasonable for most civil engineering applications including assessing macro-
seepage through fractured rock masses. The equations can be generalised for anisotropy and for partly-
saturated conditions. Equation 1 allows one to perform key translations. 
 
Firstly, Biot’s Consolidation Coefficient is: 
 

· identical to Hydraulic Diffusivity as used in the hydrogeology literature,  

· equivalent to Thermal Diffusivity in the heat equation, and 

· the same as Terzaghi’s Coefficient of Consolidation. 
 

Hydrogeologists use three other terms in association with Equation 1.  They and their translations are: 

· Specific Storage (also called Specific Storativity) - being the product of compressibility and unit 
weight of water, viz: 
 

𝑆𝑠 = 𝛼𝛾𝑤 (1/𝐿)           (4) 

 

· Storage Coefficient ( also called Aquifer Storativity or Storativity) – being the product of Specific 
Storage and the thickness of a defined ‘aquifer’ (b), viz: 
 

𝑆 = 𝑆𝑠𝑏 (unitless)           (5) 

 

As a word of caution it must be noted that at depths dealt with in reservoir engineering for the oil 
industry, compressibility of pore fluids  becomes significant, with the result that the equations for Specific 
Storage and Storativity are different to those given above, but which are applicable to most civil and 
mining engineering projects. 
 
Hydrogeologists also make much use of the term ‘transmissivity’, which is simply Hydraulic Conductivity 
multiplied by the thickness of a defined ’aquifer’: T = kb. 
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A particular case has to be addressed where there is a phreatic surface2 in the groundwater regime under 
consideration. When the phreatic surface changes water either drains from the ground above the surface 
as the surface lowers, or water may go into storage as the surface rises. This is the situation 
hydrogeologists refer to as an Unconfined Aquifer. Computations in this situation require modifications to 
Equation 1, requiring a measure of what Meinzer (1932) called Effective Porosity 3  and which most 
hydrogeologists call the Specific Yield4. In soil mechanics terminology this parameter has been called 
Specific Porosity5. 
 

3. DERIVATION OF PARAMETERS 
Given the above translations it can be seen that, for the assumption of linear behaviour, it is only 
necessary to determine five parameters for each material type, namely: 
 

· Mass Young’s modulus of a jointed rock mass, or the mass Young’s modulus of the soils in question6 

· Mass Poisson’s ratio 

· Effective porosity 

· Hydraulic conductivity 
 

Geotechnical engineers can usually make reasonable assessments of the likely range of Young’s Modulus 
values; and Poisson’s ratio (which is usually between 0.15 and 0.4). Effective Porosity can also be assessed 
within reasonable ranges, being close to true porosity for gravel, and almost zero for clays and mudstones. 
However, in-situ permeability values, and anisotropy of permeability, are usually only known to orders of 
magnitude. In the example given above, this uncertainty changes a benign 200 years to an unacceptable 
20 years. 
 
In the near horizontally bedded Triassic strata of the Sydney Basin, which have been investigated for very 
many underground mining and civil engineering projects, there are very wide ranges of measured 
hydraulic conductivity values, and even wider ranges adopted by analysts (see Figure 2). It can be seen 
that there are differences of up to 3 orders of magnitude in respect to adopted permeability values. It can 
also be seen that, for the Bald Hill Claystone, there is no correlation between the field tests and adopted 
parameters. 
 

 
Figure 2. Differences in hydraulic conductivity parameters adopted in the Sydney Basin compared with 

laboratory tests 

                                                 
2 The phreatic surface is at atmospheric pressure; some distance above the surface where pore pressures are negative, 

air is sucked into the voids causing partial saturation.  This is a highly non-linear situation where hydraulic 
conductivity changes and high matric suctions are generated. 
3 “volume of interconnected pore space that allows free gravity flow of groundwater” (Kresic 2007). 
4 “that volume of water in the pore space that can freely drain due to change in the hydraulic head” (Kresic 2007). 
5 Bishop (1967). 
6 Measured from strains under change of effective stress. 
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In addition there is the observation that permeability values decrease with depth in each stratigraphic 
unit (Tammetta and Hawkes, 2009). 
 
Therefore, it is obvious that uncertainties in hydraulic conductivity values dominate computations of 
groundwater flow quantities and depressurisation, these being independent factors.  Sensitivities to 
compressibility and volumetric water content is secondary. 
 
It has already been noted that the above parameters are for assumed linear behaviour.  With the power of 
modern numerical analyses one is not limited to the linear assumption and usually assessments have to be 
made of: 
 

· Hydraulic conductivity versus pore pressure (for negative pore pressures). 

· Volumetric water content versus pore pressure. 
 

The first of these two functions is very difficult to know and should be studied by parametric variation for 
a particular analysis. Such parametric investigations are essential for a particular project to obtain an 
understanding of the impacts of the engineering heuristic of linear behaviour. 
 

4. THE HEURISTICS OF HYDROGEOLOGY 

4.1 The Key Problem 

A key problem in hydrogeology was that for about 180 years Equation 1 could not be solved for most real 
situations. So, using Kahneman’s language, “when faced with a difficult question, we often answer an 
easier one instead...”. 
 
This difficulty went hand in hand with the earliest work in hydrogeology which was concerned with 
understanding the artesian groundwater resources of France and Italy. 
 
4.2 Development of Understanding of Artesian Groundwater 

The word ‘aquiféres’, meaning liquid bearing, was used by the French Zoologist, Lamarck (1830), in 
describing vessels of the lungs, some being air-bearing (trachées aẻriféres) and some carrying blood 
(trachées aquiféres). 
 
The same word, aquiféres, was then used in 1835 by Lamarck’s colleague, Francois Arago.  Writing in the 
Annuaire Le Bureau des Longitudes (p225), in regard to artesian bores and springs, he said: 
 
“Let’s remember now the way rain waters penetrate some stratified land layers; let’s keep in mind that 
it’s only on the hill slopes or at their crest that the section of the layers is exposed; that this is their 
water intake; so it always occurs at height. Let’s think, in addition, that these aquifer layers, after 
going down along the slope of the hills that broke them a long time ago by raising them, extend 
horizontally or almost horizontally across the plains and that they are often sort of enclosed between 
two impermeable layers of clay or rock. So we will conceive the existence of underground aquifers that 
are, naturally, in the same hydrostatic conditions as the commonplace ducts, whose soutérazi give us a 
model. And that a borehole drilled in the valleys, through the upper ground down to and including the 
highest of both waterproof layers, within which the aquifer is enclosed, will become the second branch 
of the U-shaped pipe we mentioned at the beginning of this chapter, or if you like of an inverted water 
trap, or, even better, of a soutérazi. The fluid will rise inside this borehole, to the height the 
corresponding aquifer attains on the hillsides it originated from. 
 
From there, everyone should understand how, on a given horizontal ground, underground waters, placed 
at different levels, can have different upwards forces; from there, everyone will explain why the same 
aquifer rushes here at great heights, while it fails to reach ground level further. Simple level 
inequalities will become the sufficient cause, the natural cause of all these inconsistencies.” 
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By way of explanation, the word soutérazi relates to the square obelisks, or pillars, erected in valleys 
between the supply reservoir and the city of Constantinople (see Figure 3), such that ”the level of the top 
of every successive pillar varies analogous to an inclined plan commencing at the mountains” (Matthew, 
1835). 
 

 
Figure 3. Soutérazi along the water supply to Constantinople 

 
It is clear from Arago’s work that he intended the word aquifer to have a similar connotation to aqueduct, 
and to imply the characteristics of a conduit. The purpose was to explain artesian springs, a matter which 
at that time was somewhat controversial. The concept allowed linkage to the known science of 
hydrostatics (Pascal, 1647), and the conveyance of city water supplies as described by Darcy (1856) and 
Matthews (1835). 
 
In 1836, the Rev William Buckland, who was familiar with Arago’s work, produced a cross-section showing 
the genesis of artesian wells beneath London (see Figure 4).  He did not use the word aquifer. 
 

 
Figure 4. The artesian wells of London, William Buckland, 1836 

 
We do not know when the terms aquitard and aquiclude were first used.  They do not appear in the works 
of Meisner (1923 and 1928), but what became important is that he encapsulated the essence of these 
words in the concept of ‘confinement’ of an aquifer. Thus in 1923 he wrote: 
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“… serves to confine the water of the Lissie gravel under artesian pressure” (Meissner, 1923, p 308) 
 
In 1928 he presented this idea diagrammatically as reproduced in Figure 5. 
 

 
Figure 5. Confined aquifer, Meisner, 1928 

 
In the real world, the differentiation between aquicludes, aquitards and aquifers is unclear. There is no 
accepted standard of measurement which differentiates or defines them in relation to geological 
formations which are a continuum of materials with wide ranging properties in regard to how water is 
stored and transmitted. There is also no accepted standard of measurement which differentiates or 
defines whether a portion of ground is 'confined' or 'unconfined'. 
 
This confusion was unacceptable to C V Theis, who, 52 years after his famous paper on transient flow to 
wells (Theis, 1935), and shortly before his death, dictated the last changes to a paper titled, “Aquifers, 
Ground-Water Bodies and Hydrophers”. In this he said: 
 
“Thus, “aquifer” has been used in so many different senses by so many people to express their own 
particular ideas that it has become an Alice-in-Wonderland word that means just what the author says it 
means.  Worst of all, the author practically never tells us what he means.  It has been used in so many 
different ways that it must be abandoned entirely as a scientific word or alternately to express only the 
original usage of it without any relation to the water table  …..”   (Theis, 1987) 
 
4.3 The Co-Development of Approximate Solutions to the Diffusion Equation 

The first mathematical heuristic applied to solving the diffusion equation for groundwater (Equation 1) 
was by Dupuit (1863) who postulated that groundwater flows horizontally in an unconfined aquifer, and 
that the groundwater discharge is proportional to the saturated aquifer thickness7.  The essence of the 
assumptions is that equipotentials are vertical. 
 
From this, Dupuit derived an approximate equation for flow to a well, namely: 
 

𝑄 = 𝜋𝑘 
(𝐻2−ℎ0

2)

log(𝐿 𝑅)⁄
      (6) 

 
where the terms are shown in Figure 6, and L is “le rayon du massif filtrant”. 

                                                 
7 Dupuit actually addressed flow to a well within a circular island of sand. 
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Figure 6. Dupuit (1863) Figure 65; analysis of flow to a well in a sand island 

 
Obviously the error arising out of the Dupuit assumption relates directly to the degree to which the actual 
flow pattern diverges from horizontal, meaning equipotentials are not vertical. 
 
Thiem (1870) made the equation useful by showing that beyond a certain distance from a well, drawdown 
of the potentiometric surface becomes negligible, and Theis (1935) extended the solution to non-steady 
state in a, so-called, confined aquifer. 
 
All of these reinforced the heuristic of horizontal flow, and reinforced the use of aquifers, aquicludes and 
transmissivity. 
 
The impact of Dupuit’s heuristic grew to the point where now, the most widely used 3D groundwater 
software, MODFLOW, was created within the framework of that heuristic. 
 
There is no doubt that the Dupuit assumption was, and is, valuable where the prime purpose is furnishing 
a supply of groundwater. But the simplifications have locked in obeisance to horizontal flow and have fed 
poor understanding of groundwater depressurisation. The fundamental difference between flow quantity, 
and depressurisation has become lost. Depressurisation and drawdown became synonyms, which they are 
not. 
 
Depressurisation, involves changing the shapes of equipotentials; typically changing them from near 
vertical to near horizontal. 
 

5. DISCUSSION 

We consider that the lexical differences that have developed between hydrogeologists and geotechnical 
engineers for what are exactly the same concepts and parameters is an accident of history arising from a 
combination of the early studies of artesian groundwater systems, and inability to solve the diffusion 
equation without invoking grossly simplified boundary conditions. 
 
We consider that modern computational methods render many of the historical terms, and analytical 
methods obsolete, and have led to a contagion of error when considering depressurisation impacts of 
tunnels, deep basements, open pit mines and underground mines.  These impacts can be assessed, not 
precisely, but within reason, by disregarding the heuristic of horizontal flow, and by heeding the advice of 
Theis (1987) to the effect that the use of the word aquifer “should be abandoned entirely as a scientific 
word or alternately to express only the original usage”. 
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The 1st International Conference on Geo-Energy and Geo-Environment (GeGe2015) successfully took place 
on December 4th – 5th, 2015 at the Hong Kong University of Science and Technology (HKUST; Figure 1) 
Jockey Club Institute for Advanced Study (IAS). The event was jointly organised by the HKUST, the HKUST 
Jockey Club IAS, the School of Engineering and Department of Civil and Environmental Engineering of 
HKUST, Chongqing University, Hohai University, Zhejiang University, and the École Polytechnique Fédérale 
de Lausanne (EPFL). Support was received from the Hong Kong Geotechnical Society, the Geotechnical 
Division of the Hong Kong Institution of Engineers, and TC215 Environmental Geotechnics and TC308 
Energy Geotechnics of the International Society for Soil Mechanics and Geotechnical Engineering (ISSMGE). 
 

  
(a) (b) 

  
Figure 1. (a) HKUST and (b) IAS, the conference venue 

 
The conference featured two IAS distinguished lectures and 12 invited keynotes delivered by prominent 
professors and researchers from around the world. 
 
IAS distinguished lecturers Presentation topic 
Prof. J. Mitchell Induced seismicity considerations in geo-energy resource development 
Prof. R. K. Rowe Engineered liners in geoenvironmental engineering: from landfills to mining 

applications 
Keynote speakers 
Geo-Energy (4th Dec) 
Prof. S. Lacasse Geo-energy, risk and elements for maintaining sustainability of our 

resources 
Prof. L. Laloui Analysis of the thermo-mechanical behaviour of geothermal heat exchanger 

foundations 
Prof. H. L. Liu Model tests on the settlement of energy piles with different tube types 
Prof. C. W. W. Ng Performance of energy piles: centrifuge modelling 
Prof. J. C. Satamarina Energy geo-engineering: storage 
Prof. K. Soga Shallow geothermal energy at city scale 
Prof. L. Z. Wang Recent advances in deep water pipeline geotechnics 
  
Geo-Environment (5th Dec) 
Prof. A. Bouazza GCLs in composite liners subjected to high temperatures: case of brine 

ponds in unconventional gas extraction sites 
Prof. Y. M. Chen Numerical modelling of biochemical, hydraulic and mechanical behaviours 

for landfills with high-food-waste-content MSW 
Prof. Y. F. Gao Extension of three-dimensional failure mechanism in stability analysis of 

earth slopes 
Prof. C. W. W. Ng A new alternative all-weather earthen landfill cover system 
Prof. T. L. T. Zhan Performance of a compacted loess/gravel cover as a capillary barrier and 

landfill gas emission controller in Northwest China 
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The first day of the conference (4th Dec) was named the “Geo-Energy day”. After the opening speeches by 
Prof. Tony Chan, President of the HKUST, and Prof. Charles, W. W. Ng, Chair of the GeGe2015, the IAS 
distinguished lecture was delivered by Prof. James Mitchell (Figure 2) followed by seven keynote lectures 
in the same morning. In the afternoon, 19 speakers who submitted extended abstracts presented the key 
elements of their work in five-minute pitch sessions. During coffee breaks, each speaker had the 
opportunity to further present their work to the participants through the medium of posters (Figure 3). 
The presentations covered two main topics: Energy Geo-structures and Storage and Methane Hydrate and 
Energy Extraction. 
 

  
 

Figure 2. Prof. Mitchell delivers IAS distinguished 
lecture 

 
Figure 3. Speakers engage in poster discussion 

during coffee break 
 
The second day of the conference (5th Dec), named the “Geo-Environment day”, had a similar conference 
format to that on the first day. Prof. Kerry Rowe, another IAS distinguished lecturer, shared his 
experiences and insights on the engineering design of liners in landfills and mining applications (Figure 4). 
This was then followed by five keynote presentations and 35 pitch sessions (Figure 5), which covered a 
wide range of interesting topics including Waste Characterization and Landfill Leachate, Waste Storage 
Systems, Bio-geotechnology and Green Slopes and Groundwater Protection and Recycled materials. 
 

  
 

Figure 4. IAS distinguished lecturer, Prof. Rowe 
(middle), receives a souvenir from the Chair of 
GeGe2015, Prof. Ng (left), and the Chair of the 

lecture session, Prof. Lacasse (right) 

 
Figure 5. An author who submitted an extended 
abstract to the conference gives his five-minute 

pitch 
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Each participant took home a conference proceeding containing extended abstracts of all IAS distinguished 
lectures, keynote lectures and poster presentations. Authors of some of the selected abstracts will be 
invited to submit a full paper to be revised and published in one of the following journals: Canadian 
Geotechnical Journal, Geomechanics for Energy and the Environment, and Journal of Zhejiang 
University—Science A. 
 

The conference dinner was held at the end of the first day on a Star Ferry sailing the Victoria Harbour of 
Hong Kong (Figure 6). Delegates took in the wonderful night scene of the harbour from the comfort of the 
ferry while enjoying a sumptuous dinner. 
 

  
 

Figure 6. The Star Ferry where the conference 
dinner was held 

 
Figure 7. Delegates take in the beautiful night 

scenes of Hong Kong 
  

  
 

Figure 8. Delegates enjoy dinner in the relaxing environment of a Star Ferry 
 

 
 

Figure 9. Hong Kong evening skyline 
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The conference also included tours to the Geotechnical Laboratory and Geotechnical Centrifuge Facility 
(GCF) at HKUST in the afternoon of the Geo-Environment day. Figure 10 shows the student helpers 
introducing and explaining the working principles of some of the specialized geotechnical testing 
equipment developed at HKUST. The student helpers also showed the delegates some of the typical 
centrifuge model test setups in the GCF that are used in geo-energy and geo-environment research (Figure 
11(a)). Figure 11(b) shows a unique 5 m long flume apparatus for studying the impact of debris flow on the 
environment and its remediation. 
 

  
 

Figure 10. Tour of the Geotechnical Laboratory at HKUST 
 

  
  

(a) (b) 
 

Figure 11. Tour of the GCF at HKUST; (a) the beam centrifuge and (b) 5 m-long flume apparatus 
 
 
At the end of day two, the two IAS distinguished lecturers, 
professors J. Mitchell and K. Rowe, and the Chairs of TC215 (Prof. 
A. Bouazza) and TC308 (Prof. M. Sanchez) gave their closing 
remarks. The Chairman of GeGe2015 (Prof. C. W. W. Ng; Figure 12) 
closed with heartfelt thanks to all who contributed to the 
enormous success of the conference (Figure 13). 
 
At the end of the conference, it has been announced that the 2nd 
GeGe Conference (GeGe2017) will be held two years later in 2017 
at Zhejiang University, Hangzhou, China. 
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Figure 12. The Chair of GeGe2015, Prof. 

C. W. W. Ng, delivers closing remarks 



 

 
 

Figure 13. Group photo of delegates, participants, organizers and helpers of GeGe2015 
 
 
 

Dr Anthony Leung 

Organising Committee of GeGe2015 

 

and  

 

Hong Kong Geotechnical Society 
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The 24th Young Geotechnical Engineers' Conference took place at the University of Durham, UK from 
September 10th to 12th, 2015. During the conference, 37 presentations were delivered by participants from 
over 26 countries in sessions devoted to Soil Mechanics, Foundation Engineering, Slope Stability, Retaining 
Walls and Tunnelling. I had a great opportunity to present my research on Soil-Structure Interaction due to 
Dynamic Impacts in Flowing Water. All in all, the conference dedicated to the young geotechnical 
engineers provided them with a tremendous opportunity to discuss their ongoing research as well as 
Master's or Doctoral degree projects and to share their experience, which I am convinced, will have a 
profound impact on development of the future generation of geotechnical engineers. 
 
The 16th European Conference on Soil Mechanics and Geotechnical Engineering was held at the 
International Conference Centre in the beautiful city Edinburgh from September 13th to 17th, 2015. The 
conference venue was absolutely appropriate as there were more than a thousand participants registered. 
They came from over 70 countries around the world. During the conference, there were over four hundred 
presentations and more than 40 Discussion Sessions; three Keynote Lectures as well as six Invited Lectures 
were also delivered. 
 
Being appointed as a Discussing Session Chair with Co-Chair Dr Jamie Standing for Session A1.5 ‘Crossrail 
and Other Major UK Infrastructures’, I truly enjoyed the session with 10 presentations and would like to 
highlight how important geological formations are and their associated geotechnical engineering 
parameters in making reliable engineering decisions. 
 
On the last day of my stay I attended a technical tour to the Falkirk Wheel which is widely considered a 
21st century engineering wonder that connects the Forth and Clyde Canal with the Union Canal. The 
Falkirk Wheel includes a rotating lift elevating boats up to 30 m. There is no comparable system in the 
world. 
 
I thank the Organizing Committee of the 16th ECSMGE as well as the ISSMGE Foundation for making this trip 
a reality for me. 
 

  
 

Figure 1. My presentation at the 24th European 
Young Geotechnical Engineers Conference 

 
Figure 2. Having a great dinner at the St Hild and  
St BEDE College, Durham (I’m second on the left) 

 
 
 
Olga Areshkovych 
Kyiv National University of Construction and Architecture 
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The theme of the XVI European Conference on Soil Mechanics and Geotechnical Engineering was the 
Geotechnical Engineering for Infrastructure and Development. Some main topics treated were: 
 

· Infrastructure - Roads and Railways  

· Urban Development and Environment  

· Parameter Selection  

· Slope Instability  

· Hydrology and Hydrogeology  

· Case Studies, Forensic Geotechnical Engineering and Monitoring  

· Slopes, Geohazards & Problematic Materials  

· Environment, Water and Energy  

· In-situ Testing  

· Investigation, Classification, Testing and Forensics  

· Earthquake Geotechnical Engineering and Liquefaction  

· Modelling  

· Near Shore and Offshore Development and the Marine Environment  

· Classification and Laboratory Testing  

· Dams and Dykes  

 
Prof. R. Jardine’s paper on sand ageing is a real novelty and some experiences were transferred from my 
part (Yang, 1956, ASCE, and a personal communications by an engineer, formerly worked in Siberia in 
several foundation construction projects). According to the experiences, the re-driving resistance of piles 
driven in sand, considerably increases after a few hours immediately after driving and, because of this, it 
is almost impossible to drive the piles deeper. After a few days, it decreases - possibly due to the 
relaxation of the radial normal stress – and it is easier to drive the pile deeper. The first instances are also 
described by a research article regarding the topic of CPT local side resistance dissipation test (Imre & 
Bates 2015 Some Comments on Dissipation Testing of the Soils DMT15, 415-422) reflecting that the local 
side friction is increasing with time for sands, is decreasing for intact clays (measured with slightly larger 
shaft element than the present standard, to eliminate the tip effects). The sand behaviour can be 
attributed partly to ageing, partly consolidation. As a result, the local side friction dissipation test could 
be useful in soil classification. 
 
Deep excavations may have unexpected settlements in soft clay soils by several reasons, as presented by 
NGI.  In Hungary, some soft, saline clays were recently encountered and a pioneering research programme 
started between several institutes in relation the ELI project. There are plans to cooperate with NGI by 
making parallel computations on the deep excavations at the ELI project in Hungary. 
 
The support of ISSMGE Foundation is greatly acknowledged. It was possible to discuss two accepted 
papers and the research on particle migration recently published in Entropy Journal. 
 
It was also possible to participate in TC102 meeting and TC106 workshop to represent Hungary and 
present our sand research in the TC 106 workshop (Approximate interpolation of the sand parameters in 
the function of the grading curve using grading entropy). 
 
 
Emoke Imre 
Szent István University, Ybl Miklós Faculty of Arch. and Civil Eng., 1146 Budapest, Thokoly ut 74. 
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I participated in the XVI European Conference on Soil Mechanics and Geotechnical Engineering (Edinburg, 
Scotland, United Kingdom, 13th -17th September 2015) because I have received partial funding from the 
ISSMGE Foundation. I presented my paper titled “Effect of peat bogs on the properties of underlying sand 
layers” (authors Dashko R., Shidlovskaya A.) that has been accepted for the poster presentation and 
publication in the proceedings of the conference. This is probably the second biggest conference on the 
planet when it comes to geotechnical engineering. 
 
I also had a chance to meet with people who work in this area and to discuss a potential cooperation on 
geotechnical engineering and engineering geology of problematic materials such peat, soft clay and sand 
soils, and organic soil. I believe while considering peat and peaty soils as problematic geomaterials, we 
are not taking into account a negative impact of peat on the underlying sand even if the peat has been 
removed for ease of construction. It should be noted that not much has been done in this area 
internationally and the research performed at National Mineral Resources University (University of Mines, 
St. Petersburg, Russia) on this topic was a big professional interest during the poster presentation and 
discussion among the professional society. 
 
I became more involved in ISSMGE because I was chosen as a Chair of JTC3 on Education for FedIGS in 2015. 
JTC3 is a Joint Technical Committee on education and training of the Federation of International Geo-
engineering Societies (FedIGS) representing the International Society for Rock Mechanics (ISRM), 
International Society for Soil Mechanics and Geotechnical Engineering (ISSMGE), International Association 
for Engineering Geology and the Environment (IAEG), and International Geosynthetics Society (IGS). My 
goal as a chair of JTC3 is to contribute to broad cooperation between international geo-engineering 
societies and their members in teaching, training, and outreach facilities. I also had a chance to meet 
with people from professional society (ISSMGE and IGS) and different technical committees. I participated 
in the TC 306 Workshop and Committee meeting on Geo-Engineering Educations, TC 207 Soil-Structure 
Interaction and Retaining Walls Workshop, TC 211 Workshop on Ground Improvement, JTC2 Workshop on 
Geo-Eng Data and many others. 
 
I wish to thank the ISSMGE Foundation for making my trip possible and I also appreciate the generosity of 
those people who contributed to the Foundation. I hope that one day I will be in a position to return the 
favor. 
 

  
 

Figure 1. Dr. Shidlovskaya with two past President
s of ISSMGE Dr. J.-L. Briaud and Dr. M. Jamiolkows

ki at the poster presentation 

 
Figure 2. Dr. Shidlovskaya with two past 

Presidents of ISSMGE Dr. J.-L. Briaud and Dr. W.V. 
Impe at the poster presentation 

 
Anna Shidlovskaya 
National Mineral Resources University “University of Mines”, St. Petersburg, Russia 
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6th International Symposium on Deformation Characteristics of Geomaterials (IS-Buenos Aires 2015) 
Buenos Aires, Argentina, 15th – 18th November 2015 
 
This conference is in general a quadrennial event concentrating the top researchers, academics and 
professionals from all around the world. Pre-Conference Courses, covering most of the current 
geotechnical engineering issues were organised in the first day of conference. In the remaining three days 
several keynote lectures have been delivered together with more than 100 oral presentations grouped in 
the twelve thematic sessions. 
 
My oral presentation of the paper entitled “Numerical analysis of tunnelling with jet-grouted canopy” (co-
authors: Giuseppe Modoni, Joanna Bzówka) published in the special issue of Soils and Foundations Journal 
was given on Wednesday (18th November) in the session “Anisotropy and localization”. After presentation I 
received extensive feedback from various people which gives new ideas and motivates for further work. 
 
Participation in the 6th ISDCG was one of the most significant experience connected with my professional 
career. It was the most professional and serious conference in which I attended. I strongly suggest to other 
young researchers such as PhD students to attend in that kind of events as it is a unique opportunity to 
verify chosen research direction and to present work to wide audience. In my case fruitful discussions with 
other participants already have had positive impact on my career and current work focused on research. 
Moreover, there was a technical exhibition concentrating more than 40 companies mostly working 
worldwide. Interesting products were presented including laboratory equipment, software etc. 
 
At the end, I wish to thank you, the ISSMGE foundation, for giving me opportunity to attend in this 
conference and to present my work. Undoubtedly, it will have a positive influence on my future career. 
 

  
 

Figure 1. During my oral presentation Figure 2. Keynote lecture delivered by Prof. Tatsuoka 
  

  
 

Figure 3. Exhibition area during coffee break Figure 4. View at the Puerto Madero along the Darsena 
Sur river 

Maciej Ochmański 
The Silesian University of Technology, University of Cassino and Southern Lazio 
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The 15th Asian Regional Conference on Soil Mechanics and Geotechnical Engineering- New Innovations 
and Sustainability 
9th-13th November, 2015, Fukuoka International Congress Center, Fukuoka City, Japan 
 
The 15th Asian Regional Conference under the International Society for Soil Mechanics and Geotechnical 
Engineering was organized by Japanese Geotechnical Society. The theme of this conference was “New 
Innovations and Sustainability”. 
 
The conference started on 9th November 2015 with a opening ceremony and welcome address by Prof. Jun 
Otani, Prof. Ikuo Towhata and Mr. Hiroyuki Suzuki. The Presidential address was given by Prof. Roger 
Frank. 
 
The keynote session began with a lecture by Prof. Kok-Kwang Phoon on Reliability of Geotechnical 
structures. His lecture addressed the need to achieve consistency between geotechnical and structural 
reliability-based design which was explicitly recognized for the first time in ISO2394 with the inclusion as 
Annex D. There was another keynote lecture by Prof. Gang Zheng on Environmental impact of ground 
deformation caused by underground construction in China. He presented the principles and methods to 
control the effects of deep excavation and tunneling. After the keynote lecture the Technical sessions 
were started in their respective rooms. In the afternoon after the lunch, Prof. Zornberg gave Mercer 
lecture on Stabilization of paved roads using geosynthetics. The day ended with a conference dinner. 
 
On Day 2- November 10th, opening keynote lectures were started with Prof. S. Mohsen Haeri on Hydro-
mechanical behavior of collapsible soils in unsaturated soil mechanics. It was followed by keynote lectures 
given by Prof. Dong-Soo Kim. A special report on the 2015 earthquake in Nepal was delivered by Dr. Netra 
Prakash Bhandary. The Technical sessions started with various themes (Ground Improvement, Geodisaster, 
Geosynthetics, Forensic geotechnical engineering, Transportation Geotechnics, Foundations etc.) till 
evening in assigned rooms. On the same day, there was a Homecoming session for the foreign researchers 
and engineers to enhance the relationship between the young researchers from both Japan and foreign 
countries. The session ended with closing speech and light meal. 
 
On Day 3- November 11th, it was Engineering Session Day and the five plenary session on Mega projects in 
the world was delivered by Za-Chieh Moh, Takashi Imaishi, Frances Badelow, Albert T Yeung and Junichi 
Mizukami. There were other ESD session on Disaster waste-resource recovery and utilization, Geo-
environmental engineering, Mega foundations, Foundations, Retaining structures and stability, Earthworks 
& soil improvement, Underground structures and Investigations & evaluation. 
 
On Day 4- November 12th, the first keynote lecture was given by Prof. G N Gandhi on “Evaluation of 
engineered barrier system for hazardous waste disposal- A case study”. The second lecture was delivered 
on challenge for methane hydrate production by Prof. Masayuki Hyodo. There were different technical 
sessions which gave introduction to the wide variety of researches happening worldwide. The closing 
ceremony, conference summary and gratitude was done by organizing committee.  
 
The last day of conference was a site visit to Fukuoka City Excursion and Shimabara Excursion. 
 
The conference gave me a good platform to learn and understand different areas of geotechnical 
engineering and gave opportunity to extend knowledge in my area of research. 
 
I would like to express my sincere thanks to ISSMGE foundation for providing financial support for 
participating and presenting my work in the conference. 
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Figure 1. Discussion with Prof. Kenji Ishihara (Chuo 
University) 

Figure 2. Visit to Exhibition Center 

 
Muttana S Balreddy 
Siddaganga Institute of Technology, Tumakuru, Karnataka, India 
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The 15th Asian Regional Conference (ARC) on Soil Mechanics and Geotechnical Engineering was an 
experience which provided me the opportunity to establish professional contacts and helped for my 
academic formation. The conference gave me insights into different advances and developments in the 
field of soil mechanics and geotechnical engineering. I could meet my peers from different institutions 
and also the experts whose concepts laid the foundation to soil dynamics and dynamic laboratory testing.  
 
The papers presented in the technical sessions were reviewed twice by the national level member 
committee to the organising committee and then by the conference organising committee. There were 
about seven plenary sessions divided into nine technical sessions in the four days of the technical event, 
and the pre final, final day consisted of technical tours. These sessions included special ATC6 Session on 
Deep Tunnelling and Shield excavation, sessions on geosynthetics by IGS TC, session on forensic 
geotechnical engineering by TC302, transportation geotechnics by TC202, Advances in computational 
Geomechanics by TC103,  Geo-mechanics from micro to macro by TC105 etc and others by TC304, ATC3, 
TC215, TC305 etc. Each of the sessions consisted of about six papers.  
 
The keynote lectures were impactful and were compelling to pursue those areas of research. The keynote 
speakers gave a comprehensive idea of the topic they presented upon and stimulated interesting 
discussions among the audience. The chairmen of the sessions also helped in this regard and added more 
key points to the discussions. Apart from the research presentations, the conference dedicated a day for 
the sessions on current engineering practices termed as ‘Engineering Sessions Day’. Sessions day consisted 
of seven exclusive key note lectures on various prestigious projects. Out of the four plenary sessions on 
this day the session on disaster waste recovery and re-utilisation was very interesting. 
 
In between the sessions and during the breaks I could visit the technical exhibition stalls that had 
interesting in situ techniques for liquefaction remediation, ground improvement etc and latest technology 
for monitoring these techniques in the field. I found interesting geotechnical devices and products. I could 
not thank enough the ISSMGE and Japanese Geotechnical Society for organising this event and also ISSMGE 
foundation for facilitating my attendance for the conference. 
 

  
 

Figure 1. With Prof. Tatsuoka and Prof. Hyodo 
 
 
Akhila Manne 
IIIT Hyderabad 
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The XV Pan-American Conference on Soil Mechanics and Geotechnical Engineering was held in Buenos Aires, 
Argentina from 15th to 18th November 2015. The Conference was organized under the auspices of the 
International Society for Soil Mechanics and Geotechnical Engineering (ISSMGE). 
 
The proceedings of the conference covers modern trends and classical topics in Soil Mechanics, Rock 
Mechanics and Geotechnical Engineering. The articles published in the proceedings were all blind 
reviewed. More than 650 articles were submitted to the conference, and after the peer-review process, 
576 have been admitted for publication. The articles contain significant advances in the areas of Advanced 
Laboratory Testing, Rock Mechanics, Transportation Geotechnics, In-situ testing, Geo-engineering for 
Energy and Sustainability, Numerical Modelling in Geotechnics, Foundations & Ground improvement, 
Unsaturated Soil Behavior, Embankments, Dams and Tailings, Excavations and Tunnels, Geo-Risks and Rock 
Mechanics application in Civil, Mining and Petroleum Engineering. The conference brings together seven 
plenary lectures; including the welcome lecture, the Casagrande Lecture, the Bishop Lecture, the Mercer 
Lecture; eighteen keynote lectures and 27 panelists’ contributions, authored by eminent researchers and 
professionals in the field, covering from fundamentals to applications in geotechnics.  
 
The conference presentations were divided appropriately into Transportation Geotechnics, In-situ Testing, 
Geo-engineering for Energy and Sustainability, Numerical Modelling in Geotechnics, Foundations & Ground 
Improvement, Unsaturated Soils, Embankments, Dams and Tailings, Excavations and Tunnels, Geo-Risks 
Sessions. 
 
My paper entitled “CHANGES IN GEOTECHNICAL PROPERTIES OF URBAN SOILS DURING 
CARBONATION” is published in the proceedings of the conference and was presented on the first day of 
the conference (November 16th) at the Geo-engineering for Energy and Sustainability session. I received a 
great response from the audience after the talk and approached by a number of researchers working in 
the field of research I am working on to discuss possibilities of future collaboration in this field of research. 
 
The support from ISSMGE FOUNDATION is greatly appreciated. Attending the XV Pan-American Conference 
on Soil Mechanics and Geotechnical Engineering provided an especial opportunity to present my research 
at the prestigious event and meet world-class geotechnical scientists and engineers from all around the 
world, mainly from the North and South America, and hear from their projects and have face-to-face 
discussion. 
 

  
 

Figure 1. The conference keynote lecture Figure 2. Puente de la Mujer bridge – in front of 
the conference venue 

 
Dr Ehsan Jorat 
Newcastle University, United Kingdom 

ISSMGE Bulletin: Volume 9,  Issue 6        Page 63 

xiii)  

Reports from ISSMGE Foundations Recipients (Con’t) 



 
4th African Young Geotechnical Engineering Conference 
12th -13th November 2015, Casablanca, Morocco 
 
I am writing to express my sincere gratitude to ISSMGE foundation for making the attendance of the 4th 
African Young Geotechnical Engineering Conference possible. I am deeply appreciative of your support. 
 
I just finished my partial M.Sc research and I am in the first steps of my career. I learned many useful 
things on conference and that make the goal is very clear. 
 
Thank you again for your generosity and support. 
 
The conference was a great experience and the whole programme was well organized. Everyone was 
friendly and very enthusiastic to help. There was a lot to see and I have learnt so much in the past few 
days by means of exchanging and receiving information . It has helped me get a clearer vision of my future 
and review my goals more thoroughly and rewrite them. I would definitely attend the next conference and 
advice my colleagues at work to do the same. 
 
Sanaa Ibrahim M.S. Kaddam 
Building and Road Research Institute 
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ISSMGE EVENTS 
Please refer to the specific conference website for full details and latest information. 
 

2015 
 
GIFT - Geotechnics for Infrastructure and Foundation Techniques 
Date: Thursday 17 December 2015 - Saturday 19 December 2015 
Location: Govt. College of Engineering (Established 1853 AD), Pune, Maharashtra, India 
Language: English 
Organizer: Indian Geotechnical Society, Pune Chapter 
Contact person:  Prof. Yashwant Apparao Kolekar 
Address: Associate Professor, Geotechnical Engineering Division, Dept. of Civil Engineering, Govt. College 
of Engineering, Wellsley Road, Shivajinagar, 411005, Pune, Maharashtra, India 
Phone: +91-20-25507070 / +91-9420963672 
Fax: +91-20-25507299 
E-mail: igc2015pune@gmail.com  
Website: http://www.igc2015pune.in/GUI/index.aspx 

 
2016 

 
 
First South African Geotechnical Conference 5 - 6 May 2016 
Date: Thursday 05 May 2016 - Friday 06 May 2016 
Location: Sun City,25.3403° S, 27.0908° E, South Africa 
Language: English 
Organizer: Geotechnical Division of the South African Institution of Civil Engineering (SAICE) 
E-mail: info@geotechnicaldivision.co.za  
Website: www.geotechnicaldivision.co.za  
 
 
Underground Construction Prague 2016 
Date: Monday 23 May 2016 - Wednesday 25 May 2016 
Location: Clarion Congress Hotel Prague Prague, Czech Republic 
Language: English 
Organizer: Czech Tunnelling Association 
Contact person: SATRA, spol. s r. o. 
Address: Sokolská 32, 120 00, Prague 2, Czech Republic 
Phone: +420 296 337 181 
Fax: +420 296 337 189 
E-mail: ps2016@satra.cz  
Website: http://www.ucprague.com  
 
 
NGM 2016, The Nordic Geotechnical Meeting 
Date: Wednesday 25 May 2016 - Saturday 28 May 2016 
Location: Harpan Conference Centre, Reykjavik, Iceland 
Language: English 
Organizer: The Icelandic Geotechnical Society 
Contact person: Haraldur Sigursteinsson 
Address: Vegagerdin, Borgartún 7, IS-109, Reykjavik, Iceland 
Phone: +354 522 1236 
Fax: +354 522 1259 
E-mail: has@vegagerdin.is  
Website: http://www.ngm2016.com 
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International Mini Symposium Chubu (IMS-Chubu) 
Date: Thursday 26 May 2016 - Saturday 28 May 2016 
Location: Disaster Mitigation Research Building, Nagoya University, Nagoya, Aichi, Japan 
Language: English 
Organizer: The Japanese Geotechnical Society 
Contact person: International Affairs Department, Japanese Geotechnical Society 
Address: 4-38-2 Sengoku, Bunkyo-ku, 112-0011, Tokyo, Japan 
Phone: +81-3-3946-8671 
Fax: +81-3-3946-8678 
E-mail: kokusai@jiban.or.jp  
Website: 
https://www.jiban.or.jp/index.php?option=com_content&view=article&id=1737:2016052628&catid=16:20
08-09-10-05-02-09&Itemid 
 
 
SEAGC2016 
Date: Tuesday 31 May 2016 - Friday 03 June 2016 
Location: Dorsett Grand Subang, Subang Jaya, Selangor, Malaysia 
Language: English 
Organizer: Malaysian Geotechnical Society and Institution of Engineers, Malaysia 
Contact person: SEAGC2016 Secretariat 
Address: c/o IEM Training Centre Sdn Bhd, No.33-1A (1st Floor) Jalan 52/18, PO Box 224 (Jalan Sultan), 
46720, Petaling Jaya, Selangor, Malaysia 
Phone: +(603) 7958 6851 
Fax: +(603) 7958 2851 
E-mail: seagc2016@gmail.com/ choy.iemtc@gmail.com  
Website: www.mygeosociety.org/SEAGC2016  
 
 
Fourth International Conference on New Developments in Soil Mechanics and Geotechnical 
Engineering 
Date: Thursday 02 June 2016 - Saturday 04 June 2016 
Location: Near East University, Nicosia, North Cyprus, Turkey 
Language: English 
Organizer: Turkish Society of Soil Mechanics and Geotechnical Engineering and Near East University 
Contact person: Cavit Atalar 
Address: Near East University, PO Box 670, Nicosia, North Cyprus, Mersin 10,TURKEY 
Phone: 0090 392 223 6464 
Fax: 0090 392 223 6461 
E-mail: zm2016@neu.edu.tr,  zm2016@kibris.net  
Website: http://zm2016.neu.edu.tr/ 
 
 
12th International Symposium on Landslides 
Date: Sunday 12 June 2016 - Sunday 19 June 2016 
Location: Naples, Italy 
Language: English 
Contact person: Italian Geotechnical Association (AGI) 
Address: Viale dell’Università, 11 - 00185, Roma, Italy 
Phone: +39 064465569 - 0644704349 
E-mail: agi@associazionegeotecnica.it  
Website: http://www.isl2016.it/  
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1st International Conference on Natural Hazards & Infrastructure: Protection, Design, Rehabilitation 
Date: Tuesday 28 June 2016 - Thursday 30 June 2016 
Location: Minoa Palace Resort & Spa, Chania, Crete, Greece 
Address: Pampouki 3, N. Psychiko,15451, Athens, Greece 
Phone: +30 210 7723383, +30 210 6721798 
E-mail: secretary@iconhic2016.com  
Website: http://iconhic2016.com/  
 
 

GeoChina 2016 
Date: Monday 25 July 2016 - Wednesday 27 July 2016 
Location: Shandong, China 
Language: English 
Organizer: Shandong University in Cooperation with Shandong Department of Transportation and 
University of Oklahoma 
Contact person:  Antony Warden 
Address: Shanghai, China 
Phone: +86-021-54721773 
E-mail: geochina.sec@gmail.com  
Website: http://geochina2016.geoconf.org/ 
 
 

1st International Conference on Energy Geotechnics ICEGT 2016 
Date: Monday 29 August 2016 - Wednesday 31 August 2016 
Location: Auditorium Maximum (Audimax) of Kiel University, Kiel, Germany 
Language: English 
Organizer: ISSMGE TC308 on Energy Geotechnics 
Contact person: ICEGT 2016 Secretariat 
Address: Ludewig Meyn Str. 10, 24118, Kiel, Germany 
Phone: +49 - (0) 431 - 880 1976 
Fax: +49 - (0) 431 - 880 4376 
E-mail: secretary@icegt-2016.de  
Website: http://www.iceg-2016.de/  
 
 

3rd ICTG International Conference on Transportation Geotechnics 
Date: Sunday 04 September 2016 - Wednesday 07 September 2016 
Location: Vila Flor Cultural Centre and University of Minho, Guimaraes, Portugal 
Language: English 
Organizer: Portuguese Geotechnical Society and University of Minho 
Contact person: Prof. A. Gomes Correia (Chair) 
Address: University of Minho, School of Engineering, 4800-058, Guimarães, Portugal 
Phone: +351253510200 
Fax: +351253510217 
E-mail: agc@civil.uminho.pt  
Website: http://www.webforum.com/tc3  
 
 

Fifth International Conference on Geotechnical and Geophysical Site Characteristion (ISC’5) 
Date: Monday 05 September 2016 - Friday 09 September 2016 
Location: QT Hotel, Gold Coast, QLD, Australia 
Language: English 
Organizer: Leishman Associates 
Address: 113 Harrington St, 7000, Hobart, TAS, Australia 
Phone: 03 6234 7844 
E-mail: hannah@laevents.com.au  
Website: http://www.isc5.com.au  
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13 Baltic States Geotechnical Conference 
Date: Thursday 15 September 2016 - Saturday 17 September 2016 
Location: Vilnius University, Vilnius, Lithuania 
Language: English 
Organizer: Baltic Sea states Geotechnical Societies / Main organizer Lithuanian Geotechnical Society 
Contact person:  Danutė Sližytė 
Address: Saulėtekio ave. 15-510, LT-10224,Vilnius, Lithuania 
Phone: +37068690044 
Fax: +37052500604 
E-mail: danute.slizyte@vgtu.lt  
Website: http://www.13bsgc.lt 
 
 
XVIII Brazilian Conference on Soil Mechanics and Geotechnical Engineering - COBRAMSEG 2016 
Date:  Wednesday 19 October 2016 - Saturday 22 October 2016 
Location: Minascentro, Belo Horizonte, MG, Brazil 
Language: Portuguese and English 
Organizer: ABMS - Brazilian Society for Soils Mechanics and Geotechnical Engineering 
E-mail: contato@cobramseg2016.com.br  
Website: http://www.cobramseg2016.com.br/ 
 
 
SFGE 2016 – Shaping the Future of Geotechnical Education – International Conference on Geo-
Engineering Education 
Date: Thursday 20 October 2016 - Saturday 22 October 2016 
Location: Minascentro, Belo Horizonte, MG, Brazil 
Language: English 
Organizer: ISSMGE TC306 and ABMS - Brazilian Society for Soil Mechanics and Geotechnical Engineering 
Contact person: Michele Calvello 
E-mail: sfge2016@cobramseg2016.com.br  / michele.calvello@gmail.com 
Website: http://cobramseg2016.com.br/index.php/sfge-sobre/?lang=en 
 
 
5th International Conference on Geotechnical Engineering and Soil Mechanics 
Date: Monday 14 November 2016 - Wednesday 16 November 2016 
Location: Tehran, Iran 
Organizer: International Conference on Geotechnical Engineering and Soil Mechanics 
Contact person: 009888931328 
Address: Unit2, No 14, Eftekharnia Alley, Larestan St, Motahari Ave, 1595914911 Tehran, Iran 
Phone: 009888931507 
Fax: 009888931275 
E-mail: info@igs.ir  
Website: www.igs.ir  
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2017 

 
GeoMEast 2017 
Date: Saturday 15 July 2017 - Wednesday 19 July 2017 
Location:Sharm El-Sheikh, Egypt 
Language: English 
Organizer: The Egyptian Housing and Building Research Center (HBRC) in cooperation with the Soil-
Structure Interaction Group in Egypt (SSIGE) 
Contact person: Hany Farouk Shehata 
Address: Tower C, Maamora Towers, 7th District, Nasr City, 11727 ,Cairo, Egypt 
Phone: +201110666775 
E-mail: hanyfarouk808@gmail.com  
Website: http://www.geomeast2017.org/  
 
 
ICSMGE 2017 - 19th International Conference on Soil Mechanics and Geotechnical Engineering, Seoul 
Date: Sunday 17 September 2017 - Thursday 21 September 2017 
Location: Coex Convention Center, Seoul, Korea 
Language: English and French 
Organizer: Organising Committee of ICSMGE 2017 
Contact person: Ms. Soi LEE 
Address: 4F, SUNGJI Building, 192, Bangbae-ro, Seocho-gu, 137-835, Seoul, Republic of Korea 
Phone: +82-2-6288-6347 
Fax: +82-2-6288-6399 
E-mail: secretariat@icsmge2017.org  
Website: http://www.icsmge2017.org 
 

2018 
 
The 7th International Conference on Unsaturated Soils (UNSAT2018) 
Date: Friday 03 August 2018 - Sunday 05 August 2018 
Location: The Hong Kong University of Science and Technology (HKUST), Hong Kong, China 
Language: English 
Organizer: The Hong Kong University of Science and Technology (HKUST) 
Contact person: Prof. Charles W. W. Ng (Chair), Miss Shirley Tse (Administrative Secretary) or Dr Anthony 
Leung (Technical Secretary) 
Address: Geotechnical Centrifuge Facility, The Hong Kong University of Science and Technology, Clear 
Water Bay, Kowloon, HKSAR, China 
Phone: (852) 2358-0216 
Fax: (852) 2243-0040 
E-mail: unsat2018@ust.hk  
Website: http://www.unsat2018.org 
 
ECSMGE 2019 – XVII European Conference on Soil Mechanics and Geotechnical Engineering 
Date: Sunday 01 September 2019 - Friday 06 September 2019 
Location: Harpa Conference Centre Reykjavik, Iceland 
Language: English 
Organizer: The Icelandic Geotechnical Society 
Contact person: Haraldur Sigursteinsson 
Address: Vegagerdin, Borgartún 7, IS-109, Reykjavik, Iceland 
Phone: +354 522 1236 
E-mail: has@road.is  
Website: http://www.ecsmge-2019.com  
 

FOR FURTHER DETAILS, PLEASE REFER TO THE WEBSITE OF THE SPECIFIC CONFERENCE 
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THE NETHERLANDS 
 
 

 
Golder Associates Inc 
1000, 940-6th Avenue S.W. 
Calgary, Alberta 
CANADA T2P 3T1 
 
 

 
 
Jan de Nul N.V. 
Tragel 60,  
B-9308 Hofstade-Aalst 
BELGIUM 
 

 
 
NAUE GmbH Co KG 
Gewerbestrasse 2 
32339 Espelkamp-Fiestel 
GERMANY 
 
 

 
 

Norwegian Geotechnical Institute 
P.O. Box 3930 Ullevaal Stadion 
N-0806 OSLO 
NORWAY 
 

 
 
SOLETANCHE BACHY SA 
133 boulevard National, 92500 Rueil-
Malmaison,  
FRANCE 
 
 

 
 
Tensar International Ltd 
Cunningham Court  
Shadsworth Business Park  
Blackburn, BB1 2QX,  
UNITED KINGDOM 
 
 

 
 
Terre Armée 
280, avenue Napoléon Bonaparte 
92506 Rueil Malmaison Cedex 
France 
 
 
 

 
 
Huesker Synthetic GmbH 
Fabrikstrasse 13-15 
48712 Gescher 
GERMANY 
 
 

 
 
Zetas Zemin Teknolojisi AS 
Merkez Mah. Resadiye Cad. No. 69/A 
Alemdag, Umraniye 
Istanbul, 34794  
TURKEY 
 
 

 
 
Siemens Energy 
Kaiserleistrasse10 
63067 Offenbach 
GERMANY 
 

 
 
International I.G.M. s.a.r.l.  
P.O.Box: 166129 Achrafieh  
Beirut 
LEBANON 
 

 
 
TenCate Geosynthetics 
9, rue Marcel Paul 
B.P. 40080 
95873 Bezons Cedex 
FRANCE 
 
 

 
 
 
RCF Ltd 
4C Ologun Agbeje 
Victoria Island 
Lagos, 
Nigeria 
 

 
Construtora Norberto Odebrecht 
Av. Rebouças, 3970 - 31º andar 
Pinheiros CEP-05402-600 
São Paulo/SP 
BRAZIL 
 

 
 
Coffey Geotechnics 
8/12 Mars Road 
Lane Cove West 
NSW, 2066 
AUSTRALIA 
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Corporate Associates 
 

 

 



 
A.P. van den Berg 
IJzerweg 4 
8445 PK Heerenveen 
THE NETHERLANDS 
 
 

 
 
Huesker Ltda 
Rua Romualdo Davoli, 375 
Cond. El Dorado 
CEP 12238.577 São José dos Campos SP 
BRAZIL 
 
 
 

 
 
AECOM Asia Company Ltd 
8/F, Tower 2, Grand Central Plaza 
138 Shatin Rural Committee Road 
Shatin, NT 
HONG KONG 
 
 

 
 
Dasan Consultants Co. Ltd 
Dasan B/D 
107 Mujeong-dong, Songpa-gu,  
Seoul 138-200 
KOREA 
 
 
 

 
 
Saegil Engineering and Consulting Co Ltd 
Hyunmin Building 6F 
101 Ogeumno, Songpa-gu 
Seoul 138-828 
KOREA 
 
 

 
 
Vibropile Australia 
Attn: Serhat Baycan 
PO Box 253 
Mulgrave, VIC 3170 
AUSTRALIA 
 
 

 
 
LLC “Bazis Design Academy” 
3-A, “Nurly-Tau” 
Al - Farabi Ave., 5/1, 
Almaty 
KAZAKHSTAN 
 
 

 
 
Ove Arup & Partners Ltd. 
13 Fitzroy Street 
London W1T 4BQ 
UNITED KINGDOM 
 
 

 
 
Geostroy, ZAO 
Zagorodny prospect, 27/21 
St.Petersburg, 191187 
RUSSIA 
 
 
 

 
 
GHD Pty, Ltd. 
57-63 Herbert Street 
Artarmon NSW 2064 
AUSTRALIA 
 
 
 

 
 
Taisei Corporation 
1-25-1 Nishi Shinjuku 
Shinjuku-ku, Tokyo163-0606 
JAPAN 
 
 
 

 
 
Hayward Baker Inc. 
1130 Annapolis Road, Suite 202 
Odenton, MD 21113 
UNITED STATES 
 
 

 
 
Terrasol 
42/52 Quai de la Rapée - CS7123075583 
Paris CEDEX 12 
FRANCE 
 
 

 
 
LLC GEOIZOL 
Bolshoy PR PS h.25//2 lits E. 
197198 Saint Petersburg 
 
 
 

 
 
Novosibirsk Engineering Center Ltd. 
Televisionnaya Street,15 
Novosibirsk 630048 
RUSSIA 
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Corporate Associates (Con’t) 
 

 

 



 

The Foundation of the International Society for Soil Mechanics and Geotechnical Engineering (ISSMGE) was 
created to provide financial help to geo-engineers throughout the world who wish to further their geo-
engineering knowledge and enhance their practice through various activities which they could not 
otherwise afford. These activities include attending conferences, participating in continuing education 
events, purchasing geotechnical reference books and manuals.  

 
· Diamond: $50,000 and above  

a. ISSMGE-2010          http://www.issmge.org/                        
 

b. Prof. Jean-Louis and Mrs. Janet Briaud   
 https://www.briaud.comand 
 http://ceprofs.tamu.edu/briaud/ 

 

· Platinum: $25,000 to $49,999  
 

· Gold: $10,000 to $24,999 
a. International I-G-M   

http://www.i-igm.net/ 
 
  
b. Geo-Institute of ASCE  

http://content.geoinstitute.org/ 
 

 

 
c. Japanese Geotechnical Society 

http://www.jiban.or.jp/ 
 

 

d. The Chinese Institution of Soil Mechanics  
and Geotechnical Engineering – CCES 

www.geochina-cces.cn/en 

 

e.  Korean Geotechnical Society 
www.kgshome.or.kr 

 

 
f.  Comité Français de Mécanique des Sols et de Géotechnique 

www.cfms-sols.org   
 

· Silver: $1,000 to $9,999 
a. Prof. John Schmertmann  

 
 

b. Deep Foundation Institute  
www.dfi.org 

 
 
c.  Yonsei University                                                                          
 http://civil.yonsei.ac.kr  
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Foundation Donors 

https://www.briaud.com/
http://ceprofs.tamu.edu/briaud/
http://www.i-igm.net/
http://content.geoinstitute.org/
http://www.jiban.or.jp/
http://www.kgshome.or.kr/


 

d. CalGeo – The California Geotechnical 
 Engineering Association 

www.calgeo.org 
 
 

e.    Prof. Ikuo Towhata                                                       
 http://geotle.t.u-tokyo.ac.jp/ 

 

towhata@geot.t.u-tokyo.ac.jp 
 

f.    Chinese Taipei Geotechnical Society      www.tgs.org.tw 
 

g. Prof. Zuyu Chen 
http://www.iwhr.com/zswwenglish/index.htm 

 
h. East China Architectural Design and Research  

Institutehttp://www.ecadi.com/en/ECADI 
 

i. TC 211 of ISSMGE for Ground Improvement 
www.bbri.be/go/tc211 
 

j. Prof. Askar Zhussupbekov www.enu.kz/en, www.kgs-astana.kz 
 

 
k. TC302 of ISSMGE for Forensic Geotechnical Engineering 

http://www.issmge.org/en/technical-committees/impact-on-society/163-forensic-
geotechnical-engineering 

 
l. Prof. Yoshinori Iwasaki  yoshi-iw@geor.or.jpwww.geor.or.jp 

 
m. Mr. Clyde N. Baker, Jr.  

 
n. Prof. Hideki Ohta 
 

o. Prof. Eun Chul Shin    www.incheo@incheon.ac.kr n.ac.krecshin 

 
p. Prof. Tadatsugu Tanaka 

 

· Bronze: up to $999 
 

a. Prof. Mehmet T. Tümay  http://www.coe.lsu.edu/administration_tumay.html  
mtumay@eng.lsu.edu 

 
b. Nagadi Consultants (P) Ltd                 www.nagadi.co.in  

 
c. Professor Anand J. Puppala     

University of Texas Arlington 
 http://www.uta.edu/ce/index.php 
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Foundation Donors (Con’t) 
 

http://geotle.t.u-tokyo.ac.jp/
mailto:towhata@geot.t.u-tokyo.ac.jp
http://www.ecadi.com/en/
http://www.bbri.be/go/tc211
http://www.kgs-astana.kz/
http://www.issmge.org/en/technical-committees/impact-on-society/163-forensic-geotechnical-engineering
http://www.issmge.org/en/technical-committees/impact-on-society/163-forensic-geotechnical-engineering
mailto:yoshi-iw@geor.or.jp
mailto:yoshi-iw@geor.or.jp
mailto:ecshin@incheon.ac.kr
mailto:mtumay@eng.lsu.edu
http://www.nagadi.co.in/

