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1. Introduction i :
Civil engineers are responsible for the safe and economical construction and

satisfactory performance of tremendous structures. To a.chieve this tas_k, ngoro.us
prediction of the behaviour of structure during its expected life must be carried out with
sufficient accuracy by means of theoretical, numerical, or experimental approach,_ In
practice, engineers will choose a suitable analysis procedurf:s usually from varioug
i alternatives available in manuals or codes of design. Ordinarily, these procedures are
g described in the form of theoretical formulae, tables or design diagrams. However, §uch
1- procedures are always based on simplified assumptions and hence are valid only within
i the validity of the assumptions. .

it Soil is a highly non-linear stress-dependent material. As a result, behgvtours of
i geotechnical systems tend to be highly complex and even rigorous a}nalysm such as
L finite element computations employing highly sophisticated constitutive models may
not necessarily give accurate solution. In that case, the best way is to observe the
behaviour of the actual structure and check the accuracy of an existing procedure or
establish a new design technique base on new assumptions derived from observations
of full-scale instrument structure. However, a full-scale test to observe the behaviour
of an actual structure is almost always very costly, takes a long time, and sometimes is

2. Scaling principles for centrifuge testing

To simulate the self-weight effect in a large earth structure, a small-scale model has
to be tested in a high gravity (high-G) environment, which is approximated by the
centrifugal field at the centre of a soil model that is put on a large rotating arm as

the model is geometrically similar to the prototype, then the ratio of prototype size to
model size can be characterised by N where N is the ratios of prototype to model
dimension, and is referred to as the scale factor. ,
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Fig.2 The stress field between prototype and centrifuge model.

Table 1 The scaling relations of various parameters between model and prototype

Parameter Prototype Centrifuge model at NG J
Linear dimension 1 1/N
Area 1 1/N?
Volume 1 1/N°
Density 1 1
Mass 1 1/N°
Acceleration 1 N
Velocity 1 1
Displacement 1 1/N
Strain 1 1
Energy 1 1N’
Stress 1 1
Force : 1 1/N?
L Time (seeliagr)' 1 1/N?
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consolidation history, that is how and how much to apply, depends highly on the
desired characteristics of the clay targeted in the test and the type of test. If normally
consolidated clay is modelled in the test, applied pressure to the sample in the lab
should be less than consolidation pressure in the centrifuge, but not in the case for

overconsolidated clay.

Deep excavation o - '
In the present study, deep excavation with improved soil layer is studied. For the

study to be realistic, in-flight excavation using appropriate robotic is needed. In order to
evaluate this simulation, a number of miniature transducers were installed in the clay
model including total stress transducers, pore pressure transducers, strain gages on the
model wall and potentiometer transducers. A number of studies have been conducted to
understand the soil behaviour of excavation with improved soil layer.
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Centrifuge Model Setup

Fig.3 Centrifuge modelling in excavation.

The experiment is conducted at 100G. For the centrifuge at NUS with a nominal
radius of 2.0m, this means the centrifuge is spinning at 309 rpm. The size of prototype
construction simulated is using a 15 x 40 x 45 m and a 0.4 m thick reinforced concrete
diaphragm wall can be simulated strong box of 150 x 400 x 450 mm and an aluminium
alloy model diaphragm wall of 3.5 mm thick. The relations of lateral wall movement
with depth of excavation and surface settlement behind the wall were shown in figure4
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Pile foundation

In the present :
sve dianll)eter wage:?;rjgtw(?rk on pile foundation, an § m length prototype pile with
el Cimmﬁ: using a 16 mm diameter with 160 mm length model pile
S reular §tropg boxi copducted at 50G. This test was to investigate
: id capacity of inclined pile in sand. This result shows load settlement
curves during pile load test.(Figure 6)
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Fig.6 load and settlement curve in centrifuge testing. (model scale)

Earthquake Simulation becibere 1 .

Centrifuge tests have also been performed to saml_slate the behaviours of gravity
caissons using a newly developed servo-hydraulic shaking table. Design criteria for the
table was conducted in 300mm x 526mm x 310mm

new electro-hydraulic shaking -on :
laminar box with maximum lateral acceleration 20G and maximum frequency 100 Hz
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Fig. 7 The electro-hydraulic shaking table

4. Conclusion

Centrifuge modelling is widely used in many parts of the world to study
geotechnical problems. Some potential problems that can be investigated include the
behaviour of pile foundation, excavation, retaining structure, soil improvement, slope
stability, dam enginecering and behaviour of geotechnical structures subjected to
dynamic loads. The centrifuge is extensively recognised as a major tool for
investigating the collapse mechanisms of geotechnical structure. It is ideal for
engineering study in the sense that it demonstrates real failure mechanisms and its
effect on soil structure. Furthermore, it is amenable to repeated tests and parametric
study, something a full-scale test can not emulate.
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