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ABSTRACT: Over the years, the practice of geotechnical engineering has evolved. Design methods, construction practises, 
equipment and materials have improved. New priorities have emerged. It is now important to ensure the health and safety 
of site personnel and to minimise environmental impact. This paper presents examples of modern geotechnical practice from 
across the world. It presents geotechnical design using practical empirical methods and more advanced numerical modelling 
techniques. It presents the use of more powerful, automated equipment to treat more difficult soils to greater depths. It also 
shows the use of data acquisition techniques to monitor construction parameters and examples of construction methods that 
are safer and more environment-friendly.  

      
1 INTRODUCTION 

The practise of geotechnical engineering has changed 
over the years. Certain practises which were once 
common are now deemed inefficient, unsafe, too 
polluting or too resource intensive. All aspects of 
geotechnical engineering have been impacted. 
Design methods, contracting frameworks, 
construction practices, equipment, construction 
materials, instrumentation and monitoring, data 
management, etc. have all changed.  

This paper presents a small selection of modern 
geotechnical practices from around the world.    

2 FEATURES OF MODERN 
GEOTECHNICAL DESIGN 

Among other things modern geotechnical design is 
driven increasingly by the following: 

 Advances in geotechnical design methods and 
computational power 

 Updated codes of practise or standards 
 Different contracting models (e.g. Design & 

Construct) 
 Increased industry competition 
 Advances in machinery  
 Development of new techniques 

2.1 Improved soil investigation data 

With the improvement of soil investigation 
technology, a variety of tools are available to the 
engineer to obtain design input. For example, while 
in the past Standard Penetration Test results may have 
been the only in-situ test data available, we are seeing 
increasing use of Cone Penetration Tests (Fig. 1). 

Borehole sampling methods have also improved (e.g. 
piston samplers for soft clays, open drive samplers for 
stiff clays, Vibrocore samplers for sands) leading to 
better laboratory data. Geophysical testing (e.g. 
ground penetrating radar, seismic surveys, resistivity 
surveys) are slowly being adopted to supplement 
traditional boreholes and CPTs. Developers and 
Owners have also begun to specify more SI, thereby 
increasing the information available to designers and 
reducing uncertainty and reducing overall cost. 
Improved SI data is critical also to a designer’s ability 
to effectively use modern design tools such as finite 
element methods. 

 

Fig. 1 Photo of CPT Rigs at Changi Airport extension 
project, Singapore 

2.2 Increased use of numerical modelling tools 

Empirical, semi-empirical and analytical methods of 
design (for example Priebe’s (1995) method for 
Vibro stone columns) remain relevant and in 
common use. Yee et al. (2015) document a large scale 
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“zone test” in Malaysia on Vibro stone columns. 
Priebe’s (1995) method was used to successfully 
predict the magnitude of settlements, and Han & Ye’s 
(2001) method was used to successfully estimate the 
rate of consolidation settlements. The key was locally 
calibrated parameters. Indeed, many of these “older” 
design methods have been calibrated by a wealth of 
data, and have been refined over the years.  

However, there are design problems where only a 
more sophisticated analysis yields a more accurate 
answer. For example, in a project in Malaysia, a 15 m 
high iron ore stockpile was seated on ground 
improved by Vibro stone columns, but the stacker- 
reclaimer was founded on large bored piles. This 
created a complex geometry and loading sequence 
where only a 3-D finite element model could replicate 
the necessary components of the problem (Fig. 2). 
Engineers did not model individual stone column, as 
the focus was on the bored piles. Instead they used a 
composite material to model the stone column 
improved ground, but modelled the piles as solid 
elements. The more accurate 3-D analysis was used 
to determine the bending moments and deflections of 
the bored pile (Fig. 3). In contrast, a 2-D finite 
element model predicted bending moments that were 
20-30% higher. However, as with all design methods, 
finite element models have to be calibrated and 
updated against actual data.  

. 

 

Fig. 2  Overview of a typical 3-D slice 

 

Fig. 3 Cut-away showing bending moments on piles with 
both sides loaded 

2.3 The use of the Observational Method 

Although the Observational Method (Peck, 1969) is 
not new, its use is made more interesting and 
effective when coupled with modern instrumentation 
and design tools. An interesting use of updated 
parameters based on actual data was demonstrated by 
Low & Ng (2014) in Singapore. They report the case 
of the deletion of the sixth level of struts at the DTL 
Contract C922 overrun tunnel as part of Singapore 
MRT expansion. Due to delays and a tight project 
schedule, the main contractor decided to look at the 
possibility of omitting strut level S6 in a 23 m wide, 
440 m long and 25 m deep cut-and-cover tunnel. 
When the excavation reached the third and fourth 
level of struts, the measured wall movements and 
strut forces were back-analysed to determined more 
realistic soil parameters for the various layers in the 
Old Alluvium formation. Compared to the original 
design, stiffness values had to be increased to match 
the measured wall movements. Importantly, the 
designers realised that an undrained Mohr Coulomb 
soil model (for the Old Alluvium layers) was the best 
match for the data. The updated undrained analysis 
was then used to predict the wall movements, wall 
bending moments and strut forces if the sixth level of 
struts were to be omitted. Deflections, etc. were 
judged to be acceptable and construction proceeded 
without the sixth level of struts. Of course, as 
excavation proceeded, wall movements and strut 
forces were measured against the updated design 
(Fig. 4).    
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An important observation is that in this case, the use 
of an undrained analysis, even with more optimistic 
parameters, more closely approximated the 
measurements. This indicates the conservatism of 
using a drained analysis, which is common in 
Singapore for excavations in Old Alluvium.  

2.4 Acceptance of alternative solutions 

A leading shipyard, offering ship repair, 
shipbuilding, ship conversion, rig building and 
offshore engineering services developed a new 
shipyard located in Tuas View extension, Singapore. 
The development includes construction of dry docks, 
a hull block assembly workshop and other structures. 
The site investigation reports revealed that the sub-
soil consisted of about 30 m of recently placed 
reclamation fill. This reclamation fill comprised 
mostly of sand fill with up to 12 m sandy clay. A 
marine clay of 9 m thick was also found in the south-
eastern part of the area where the workshop would be 
constructed. The initial proposal was to use driven 
piles, but because of the potential negative skin 
friction over part of the site, the solution became very 
costly and time consuming. Therefore the owner was 
open to alternative solutions.   

Keller proposed the Vibro compaction method for the 
sands and the installation of Prefabricated Vertical 
Drains (PVDs) with surcharge to treat the clays (Fig. 
5).  

 

Fig. 5  Schematic of proposed ground improvement 
approach.   

PVDs were installed to a depth of 25 to 40 m with a 
5.6 m high surcharge in the area where the sandy clay 
and marine clay layers were found. The construction 
of PVDs in an area over 30,400 square meters was 
completed one and a half months. Vibro compaction 
works (Fig. 6) were carried out to improve the sandy 
layer that ranged from 15 m to 28 m. An area of more 
than 126,400 square meters was treated. 

Fig. 4  Comparison of initial design (MC Drained), revised design (MC Undrained, without strut S6), measured 
deflections, alert level and work suspension level. (Low & Ng, 2014) 
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Fig. 6 Vibro compaction works in progress, as surcharge 
is being placed 

Surcharging was carried out to achieve 90% degree 
of consolidation and the settlement was monitored 
using the settlement plates, extensometers and 
magnetic spiders. Results were plotted using an 
Asaoka (1978) hyperbolic plot to check if the 
settlements were happening as planned. Fig. 7 shows 
the plot of settlement vs. time, both measured and 
predicted.   

 

Fig. 7  Plot of predicted and measured settlements with 
time.   

As the ground improvement was completed and the 
structure was built, monitoring continued to see if 
settlements were behaving as expected. Both 
settlement magnitudes and settlements rates were 
monitored. The workshop is currently operational 
and settlements are under the limit of 50 mm. This 
project is described fully by He et al. (2016). 

3 EQUIPMENT 

3.1 Deeper, faster, more powerful, automated 

As infrastructure construction moves forward, for 
example huge airports which can handle more than 
100 million passengers a year, the need to build on 
unfavourable soil conditions has increased. This in 
turn requires equipment which is able to penetrate to 
larger depths, work much faster to higher quality 

standards – which often requires a high degree of 
automation.  An example of such equipment is the 
Keller Vibrocat TR07, for the installation of Vibro 
stone columns (see Fig. 8) 

 

Fig. 8  Vibrocat TR07 working in Aachen, Germany 
(2013) 

TR07 is latest in the series of Vibrocats designed and 
manufactured by KGS, the equipment wing of Keller. 
The TR07 is powered by 605 HP engine, able to 
generate 25 ton pull-down force. Coupled with a mast 
height of 28.5 m and penetration depth of 23 m, TR07 
is a truly modern rig. The increased pull-down 
capacity and penetration depth enables TR07 to 
operate in tougher soil condition and reach greater 
depths than its predecessor.  TR07 is designed to be 
safer and more user friendly, with an option for a fully 
automated column construction process. TR07 is 
equipped on-board with an air compressor, generator 
and hydraulic system, which makes it an all-in-one 
integrated machine. TR07 is also fitted with the latest 
M5 data acquisition systems which enables a user in 
any part of world to log in to the system and analyse 
the data collected during installation of stone 
columns.  
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3.2 Smaller, more compact, versatile 

Rigs are not just getting bigger. With the trend 
towards underpinning existing buildings, there is a 
need for smaller, more user-friendly equipment. 
Keller’s KB1 (Series 2) rig is a compact rig, able to 
“fold” to just 1.85 m height and 0.76 m width- able to 
drive through a standard doorway. This allows it to 
access basements and other small spaces, where 
underpinning work is required (Fig. 9). 

 

Fig. 9  KB1 rig, accessing a hard-to-reach area. 

3.3 Data Acquisition and Management 

Modern equipment now comes with a variety of 
sensors that provides real-time feedback to the rig 
operator for improved productivity, safety and 
quality of work. All major rig manufacturers now 
equip their piling or small drilling rigs with computer 
systems that measure and display hydraulic 
pressures, rotation speeds, mast inclination and other 
key parameters.  

In the USA, Hayward Baker, a Keller company, has 
gone a step further, outfitting its wet Deep Soil 
Mixing (DSM) rigs with an in-house data acquisition 
system that complements the on-board systems 
supplied by the manufacturer (Fig. 10)  

 

Fig. 10  Hayward Baker’s DAQ system, being setup on a  
DSM rig.  

 

Fig. 11 Hayward Baker’s DAQ system was employed on a 
job in Miami, USA, for the construction of a sealing 
slab close to the beach, with stringent positional 
tolerances 

To create a continuous DSM “sealing” slab (Fig. 11) 
a very basic concern is the accurate positioning the 
mixing tool at the centre of the column to be formed. 
Traditionally this has been done using survey pegs. 
However, in a DSM site, with closely spaced columns 
and slurry overflows, pegs can be easily disturbed and 
lost. Hayward Baker uses rig-mounted precision GPS 
to locate the centre of the columns to commence 
column construction. This eliminates the need for 
survey pegs. In addition, as the column is being 
constructed, key column parameters (binder flow 
rate, binder content, blade rotation number) are read, 
displayed to the operator and captured in digital form 
(Fig. 12). This reduces human error and greatly 
reduces the administrative work for the site engineer, 



MODERN GEOTECHNICAL PRACTICES 

6 

who is able to use the automatic outputs for quality 
control purposes.   

 

Fig. 12  Sample construction printout from DSM rig 

4 IMPROVED SAFETY & 
ENVIRONMENTAL STANDARDS 

4.1 General construction safety 

Since 1 August 2016, the “Design For Safety” 
legislation came into force in Singapore, covering 
projects over S$ 10 million (approximately INR 500 
million). The legislation requires Developers to work 
with Designers to ensure that foreseeable design risks 
are eliminated or reduced to “As Low As Reasonably 
Practicable”, and that residual risks are managed. 
Contractors are also responsible to keep the 
Developer or Main Contractor informed of any risks 
they foresee. A key person in this process is the DfS 
(Design for Safety) Professional, whose 
responsibility it is to convene DfS meetings on behalf 
of the Developer and maintain an updated copy of the 
DfS Register. This register will be handed over to the 
Owner for future reference and use.  

This legislation is important, because many risks 
faced by workers on site are far more efficiently 
managed if anticipated at design stage. A key 
principle underlying this legislation is that collective 
protection measures (e.g. covered walkway) are 

preferable to individual protective measures (e.g. 
safety helmet)  Indeed, some risks can only be 
mitigated at design stage. For example, the sequence 
of strut or anchor installation in a deep excavation is 
a geotechnical and structural consideration that has a 
significant impact on the safety of the work on site, 
but can only be addressed at design stage.    

There has also been increased adoption of modern 
risk-based safety management systems, for example 
OHSAS 18001: 2007, which will soon be updated. 
While many of these legal requirements and practices 
are first adopted by larger main contractors, 
geotechnical engineering contractors are following 
suit.  

4.2 Safety in Geotechnical Engineering 

4.2.1 Safer Equipment 

In the European Union, legislation is in place to 
require rig manufacturers and contractors to install 
and use machine guarding that protects workers from 
accidental contact with rotating parts- which pose a 
significant risk of fatalities or major injuries.  

Modern foundation equipment and drill rigs now 
come equipped with Emergency Stop switches, 
cameras in critical positions, load limiters, etc. and 
are generally designed to be easier to maintain and 
repair. For example, the Liebherr LB 36 piling rig is 
designed to be safely assembled without the use of an 
auxiliary crane, and has a cabin that is designed to 
give the rig operator maximum visibility of his 
surroundings, several cameras covering the operators 
“blind spots”, and built in walkways and railings for 
safe access of the upper-carriage for maintenance and 
repair. The design also minimises noise in the cabin 
(less than 78.3 dBA) and minimises vibrations to the 
hand and body or the rig operator.   

As equipment fleets are renewed, and modern 
equipment is brought in to replace old equipment, 
contractors should factor in safety features in their 
decision making process.  

4.2.2 Safer construction methodologies  

With geotechnical contractors adopting risk-based 
management systems, construction methods are often 
modified to reduce the risk to people and equipment. 
A contractor will conduct a risk assessment of all 
activities (consisting of hazard identification, risk 
assessment and risk mitigation) before starting work. 
For example, because of the risk of excavation 
collapse during pile hacking and pile cap 
construction, excavation pits are sloped at an 
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appropriate angle or sheet piles are used, checked by 
a geotechnical engineer and not just left to the site 
team to decide. In the past, these decisions may have 
been left to the site foreman.   

4.3 Consideration of Environmental Impact 

Increasingly, owners are looking not only for the 
lowest price, but also for a geotechnical solution that 
minimises impact on the environment. Some 
contractors are themselves looking for solutions that 
do the same, driven partly by investor and public 
sentiment. Minimisation of environmental impact can 
take many forms. These include (a) more efficient use 
of materials, often resulting in cost and time savings 
also, (b) use of recycled materials in construction, (c) 
reduction of polluting processes, and (d) reduction of 
noise, dust and vibrations.   

The Austrian railway authorities are building a new 
130 km line from Klagenfurt to Graz that will cut 
travel time from the existing 2 hours to a mere 45 
minutes. Approximately 50 km of this new line is 
underground. Keller was involved in performing jet 
grouting work at two tunnel sections.  

At the Srejach Tunnel (Fig. 13), a 600 m long cut-
and-cover tunnel, jet grouting was performed for a 
stiffening slab and to seal gaps between bored piles. 
In total nearly 7,000 columns were constructed. Jet 
grouting works were completed in August 2015. At 
the Untersammelsdorf Tunnel, a 600 m long mined 
tunnel, jet grouting commenced in September 2016 
and is being performed to a maximum depth of 28 m, 
sometimes drilling through 25 m of overburden. 

 

At this tunnel a total of about 7,500 columns will be 
constructed for stiffening slabs and for sealing 
between bored piles.   

 

Fig. 13 Overview of Srejach Tunnel site 

For this job, large jet grouting equipment are being 
mobilised. Two Techniwell TW700 pumps are being 
used for the work, in addition to two Keller “AKM” 
mixers, three 60 ton cement silos, water tanks and of 
course jet grouting rigs. A key feature of this job is 
the use of a MAT B170 desander and Technioda 
DC1300 filterpress, for sludge management (Fig. 14). 
As jet grouting uses the erosive force of the fluid to 
cut and mix the soil, large quantities of sludge are 
produced. Depending on the soil type, anywhere 
between 1.5 to 3 times the volume of the jet grout 
element is created as sludge, which then needs to be 
disposed. Huge quantities of water are involved. 
Historically, this sludge was simply left to cure 
(because of the cement) and disposed by truck to a 
landfill. Keller used the desander and the filterpress 
to extract the water from the sludge for reuse, and 

Fig.  14 Overview of Desander and Filterpress setup. 
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simultaneously reduce the volume of sludge to be 
disposed.  

The environmental benefits of this approach are clear. 
While some diesel is used to run the desander and 
filterpress, the amount of water being recycled is 
significant. In addition, there is a dramatic reduction 
in the volume of material needing disposal- by three 
times, leading to reduce truck journeys and also 
reduction in landfill usage. At the Srejach Tunnel, 
33,500 m3 of dewatered sludge was produced in the 
operations, down from over 90,000 m3 if the 
conventional methods were used.    

5 SOME FUTURE TRENDS 

Sondermann & Kummerer (2016) highlight the 
following global trends that will have an impact on 
the construction sector. 

 An increased proportion of construction in 
developing countries as their economies rapid 
outpace developed countries 

 Continued growth of mega-cities, particularly in 
Asia 

 Increased demands on energy production 
 An increased trend towards private funding of 

construction work, and public funding diminishes 
in relative terms 

Sondermann & Kummerer (2016) further suggests 
that: 

 Construction projects will grow in complexity and 
scale 

 Competition will become more and more global 
 There will be an increase of automation in both 

construction and monitoring 
 There will be increased demands for documentation 
 Clients will demand more environmentally friendly 

processes 

It is therefore prudent and indeed necessary for 
players in the geotechnical industry to learn from 
modern practices across the world, and adapt it to 
local conditions.   
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