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Portuguese new centrifuge facility 

La nouvelle centrifugeuse portuguaise 

J. Candeias Portugal, L. Aguilar Madeira, M.Gonçgalves da Silva, C.Almeida Santos, E. Maranha das Neves & R. Pereira 
Correia — National Laboratory for Civil Engineering, Lisbon, Portugal 

ABSTRACT: À new centrifuge facility has recently been established at the Portuguese National Laboratory for Civil Engineering (LNEC). 
The centrifuge is an Acutronic model 661 and it has a capacity of 40 g-tonnes. The platform radius is 1.8 m. The paper describes the 
development of the facility, including general features of the housing, centrifuge test equipment and associated electrical and mechanical 
systems. 

RESUME: Une nouvelle centrifugeuse a été recemment mise en service au Laboratoire National de Génie Civil Portugais (LNEC). La 
centrifugeuse, une Acutronic modêle 661, a une capacité de 40g-tonnes, la distance de "axe à plateforme nacelle étant de 1,8 m. Dans ce 
rapport on présente le développement de I'installation y compris les caractéristiques génerales du bâtiment conçu pour abriter la machine, 
les équipements et les systêémes élêctriques et mécaniques associés. 

1 INTRODUCTION 

The paper describes the centrifuge facility that has been developed 
in the Geotechnique Department at the Portuguese National 
Laboratory for Civil Engineering (LNEC). A few new features 
have been included into the design of the centrifuge and the 
associated optical, electrical and mechanical systems. These 
features are presented in detail. Essential accessories for centrifuge 
geotechnical application are also described. 

2 DESCRIPTION OF THE FACILITY 

2.1 General 

The centrifuge is housed at ground floor level of the Ferry Borges 
building at LNEC campus, in a circular reinforced concrete 
chamber. The chamber was constructed so as to ensure an 
appropriate operation of the apparatus and the safety of users. It 
has a direct access to a laboratory designed for the preparation of 
models, which contains also the control and power cabinets. 
Those cabinets ensure, respectively, the control and electric 
feeding of the system. The operation of the unit is carried out 
from a control room, especially designed for the purpose. This 
room is located at level 1 of the building. The operation and 
control systems (control desk and control panel) are housed in that 
room. Those systems ensure the user-apparatus interface, as well 
as the hardware required for data storage and transmission with 
the physical models under centrifugation. The control of the 
apparatus can be operated in manual or computer mode (IBM, PC 
compatible). 

The centrifuge has a pyramidal steel casting structure, rigidly 
connected to the chamber's floor slab, which supports a rotating 
boom and a drive assembly. One of the ends of the rotating boom 
is equipped with a swinging basket into which the model-load is 
inserted. The other end has an adjustable counterweight for 
balancing the unit. The mean rotating radius is 1.55 m at the 
geometric centre of the basket and 1.80 m at the mounting 
platform. The useful basket volume is 500x700x500 mn. The 
maximum weight results from the acceleration attainable - 4KN for 
accelerations until 100g, decreasing linearly until 2kN for 
accelerations until 200g (corresponding to the maximum rotation 
speed of 345 rpm). 

At the upper part of the pyramidal structure there are two 
rotary joints: a fluid rotary joint and a hydraulic oil rotary joint. 
The fluid joint makes it possible to have hydraulic (oil or water) or 
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pneumatic (air) access to the test package. It is connected to the 
covering slab of the chamber by a metallic structure designed for 
the purpose and its cooling is ensured by water. The hydraulic oil 
joint is connected to a hydraulic unit, which is also housed at the 
covering floor of the circular chamber. That unit makes possible 
to operate the automatic in flight balancing system of the rotating 
boom. 

The apparatus has an optical rotary joint and an electric rotary 
joint. Those joints were designed to establish a safe 
communication (the first one with an extremely low noise to signal 
ratio), between the data acquisition system and the data storage 
and control system, located at the control room. 

The swinging basket is equipped with a video camera 
connected to a monitor installed at the control room. That 
equipment allows to the visual surveying of the behaviour of 
models during centrifugation. 

2.2 Description of the centrifuge 

Figure 1 presents an overview of the centrifuge. Basically, it 
consists of a pyramid-like steel pedestal (Figure 1-1), which is 
connected to the floor slab by means of 8 bolts (M30) fastened at 
800 Nm. At the upper part of the pedestal there is a cube (Figure 
1-2) supported on a axial thrust ball bearing and two straight roller 
bearings. The axis of the latter defines the running shaft of the 
apparatus. Two cylindrical units are connected to the cube, by 
means of a annular spring tensioning device with an axial locking, 
which ensures a highly firm fastening, with no clearances. The 
operating shaft of the cube is extended to the lower part of the 
pedestal where the operating system is installed. This system 
consists of a reducing gear box with horizontal and vertical shafts 
with a 1:5 transmission ratio (Figure 1-3) and a 45 kW three- 
phase electric motor with a horizontal shaft (Figure 1-4), fastened 
together by an elastic coupling. The output shaft of the gear box 
is hollow in order to make it possible to transmit signals between 
the rotating part of the apparatus and the fixed equipment. The 
transmission of signals is achieved with the help of several types of 
rotating joints. The description of those joints is presented in 
23.5. 

The two cylindrical units constitute the rotating boom of the 
apparatus (Figure 1-5). One of the ends of the rotating boom 
supports a swinging basket (Figure 1-6), in which the model is 
installed. The other end has a counterweight that can be hand- 
adjusted in order to balance the centrifuge boom prior to flight 
(Figure 1-7). The cylindrical units contain two hydraulic pistons 
that are included in the automatic balancing system. That system



will be described in 2.3.2. 
The measurement of accelerations is carried out by means of an 

accelerometer, which is installed at the rotating boom at a distance 
of 0.80 m from the centrifuge axis (Figure 1-8). 

The upper part of the cube comprises a rack designed for 
inserting the data acquisition unit (Figure 1-10) with a 
400x482x560 mm? volume, This rack was integrated in the unit 
according to LNEC specifications. Immediately below that 
structure there is the support of the electric contacts and the 
corresponding electric rotary joint (Figure 1-9), as well as the fibre 
optic rotary joint, consisting of four uni-directional channels. The 
electric joint is composed by 46 contacts, which support a current 
intensity of 1 Ampere at maximum voltage of 150 volts - DC, 12 
contacts for a 5 Ampere current intensity at maximum voltage of 
220 Volts - AC or 300 Volts - DC as well as 3 video channels for 
a 10 Volt voltage. At the upper part, there are two servo-valves 
(Figure 1-11) and the hydraulic oil rotary joint (Figure 1-12) 
which ensure the oil feeding to the automatic balancing system. 
Above that joint there is another rotary joint for fluids, which 
makes it possible to have access, by hydraulic or pneumatic 
means, to the models during tests (Figure 1-13). 

2.3 Main components 

2.3.1 Rotary fluid joint 

This joint gives one access either by hydraulic or pneumatic 
means, to the models during tests and it is independent from the 
centrifuge. The joint consists of two hydraulic oil rotary contacts, 
of which the maximum operating pressure is 20 MPa and 4 
rotating contacts for air or water, which can operate until 
maximum pressures of about 2 MPa. Between each rotating 
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8 - Accelerometer 
9 - Electrical slip rings 
10 - Data acquisition unit rack 
11 - Servo-valves 
12 - Hydraulic oil rotary joint 
13 - Fluid rotary joint 
14 - Optical encoder 

1 - Pedestal 
2 - Cube 
3 - Gear box reducer 
4 - Drive motor 
5 - Rotating boom 
6 - Swinging basket 
7 - Counterweight 

Figure 1, Mechanical layout of the centrifuge (front view) 
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contact there are water cooling channels to avoid excessive 
heating of hydraulic sealing materials. The cooling system has 
also a valve that controls the water flow according to the 
temperature. The fixed part of the joint (when it is not in use) can 
freely rotate with the centriâige. Thus, the lifetime of the rotating 
elements is extended. 

2.3.2 Balancing system 

As was previously referred, the centrifuge arm assembly is 
equipped with an adjustable counterweight. The position of the 
counterweight in relation to the centrifuge axis is adjusted 
according to the mass to be inserted into the swinging basket. The 
displacement is achieved by means of a gear system operated by 
hand, using a set of sprocket wrenches. The distance between the 
counterweight and the centrifuge axis of rotation must be 
previously adjusted, with the machine stopped. This distance is 
established in such a way that the binary introduced by the 
counterweight is equal, but with a signal opposite to the one 
resulting from the embarked mass. 

Apart from that hand-operated balancing system, the LNEC 
centrifuge has also an automatic in flight balancing device of the 
arm. That device makes possible to compensate, during the 
execution of tests, unbalanced conditions resulting from actions on 
the model that are likely to affect the position of its mass centre 
and/or the value of the embarked mass (e.g., introduction of water 
into the model). 

The automatic balance is achieved with the help of the 
displacement of two mobile weights. Those weights are indeed 
two pistons housed inside the cylindrical bodies, as previously 
mentioned. The displacement of the pistons is ensured by. the 
hydraulic oil unit. The oil (with a working pressure of about 6 
MPa) is transmitted ffom the fixed part towards the mobile part of 
the apparatus, by means of the corresponding rotary joint. The 
circuit is controlled by two proportional directional control valves 
connected to 4 pressure sensors (in each of the chambers of the 
hydraulic cylinders) and to 4 strain gauges. The measurement of 
unbalance conditions is carried out by these strain gauges, which 
are fixed on four bars of the pedestal of the centrifuge. The system 
is operated from the control board and makes it possible to 
compensate unbalance conditions up to 20 kN. 

2.3.3 Closed T.V. circuit system 

The T.V. system in closed circuit makes it possible the monitoring 
of models during tests. It consists of a video camera (lens and 
control unit of the camera), with very small dimensions and a 
monitor. The lens is installed at the swinging basket. The control 
unit of the camera is housed at the rack on top of the pyramidal 
structure, which also contains the data acquisition unit. The 
monitor is housed at the control room. 

The communication between the control unit of the camera and 
the monitor is accomplished by means of a coaxial cable and by 
one of the 3 video channels of the apparatus. 

2.3.4 Safety systems 

The apparatus has several systems that control and ensure its 
safety. When a malfunction is detected the corresponding alarm 
signal is operated at the control panel. Thus, the machine stops 
automatically while in rotation and it only restarts after the 
malfunction is repaired. 

The safety devices installed at the apparatus are as follows: 

- Unbalance system - the system can be divided into three 
subsystems. The first operates the alarm - Unbalance level 1 - 
when the maximum unbalance level admitted is reached (20 kN). 
J does not cause the immediate stop of the apparatus. The 
second operates the alarm - Unbalance level 2 - when the 
unbalance level exceeds 5 to 10% of the maximum value allowed 
(21 to 22 kN), causing the immediate stop of the apparatus. The 
third operates the alarm - Unbalance measurement - in case of 

 



  

  

anomalous behaviour of one of the strain gauges. It causes the 
immediate stop of the apparatus, when the latter is in rotation or 
prevents it to be started if it is not in operation. 

- Excessive rotation speed - the system activates the alarm - Rate 
Trip - causing the immediate stop of the centrifuge when the boom 
rotation speed imposed by the operator is higher than the one 
allowed. The record of the rotation speed is accomplished by 
means of an optical encoder (Figure 1-14) located at the base of 
the centrifuge. 

- Excessive acceleration - If the acceleration of the boom exceeds 
205g (+ 5g), the system activates the alarm - Excessive 
Acceleration - and causes the immediate stop of the apparatus. 
The measurement of the acceleration is performed by an 
accelerometer placed at the arm of the machine, as was referred to 
in 2.2. 

- Power fault - A fault in the power cabinet activates the alarm - 
Power Amplifier - preventing the start of the centrifuge or causing 
its immediate stop. 

- Closed door system - if the gate of access to the chamber of the 
centrifuge is open, the system prevents the start of the apparatus. 
When the gate is closed that indication is given at the control 
panel - Door Closed. 

- Latched door system - prevents the start of the apparatus, if the 
operator, through the control panel - Door Latched - has not 
latched the gate of access to the antechamber of the centrifuge. 

- Acoustic-luminous system - the aim of the system is not to 
ensure the very protection of the apparatus, since its operation is 
independent from it, but instead the protection of people in the 
vicinity. The system consists of a siren and an intermittent light 
and it is controlled from the control panel of the control room. 
After the operator has given the start signal of the centrifuge, the 
siren emits a sound, indicating that within a few seconds the 
apparatus will start flight (that interval is established by means of a 
timer located at the control cabinet). Subsequently, the siren stops 
and the intermittent light starts together with the movement of the 
arm. The centrifuge has a 2 KVA power for feeding this system. 

2.3.5 Data acquisition control and storage 

This system is divided into two units: i) acquisition unit and; ii) 
data control and storage unit. The first is housed at the centrifuge 
(8 2.2). Tt consists of a data acquisition unit made by Hewlett- 
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Figure 2. Loading system inside the swinging basket (front view) 

Packard, Model 3852-A, with one Mbyte RAM (for storing data 
and programmes) and a 24 channel modulus for reading DC 
signals. The reading of signals is accomplished with a 6 and a half 
digit resolution voltmeter, in scales ranging from 300 mV to 300" 
Volts DC. In the future, the system is to be equipped with a 
complementary module to carry out the conditioning of signals 
and analogue and/or digital outputs for controlling 
electromechanical actuators. 

The second unit, installed in the control room, consists of a 
computer made by Hewlett-Packard, model 382, with a 
polychromatic monitor. The aim of the computer is to control the 
data acquisition, processing and storage unit, collected by the 
latter. 

The communication between the two units is carried out by 
means of a transparent, optical system, composed by two fibre 
optic cables and two converters (National Instruments, model 
GPIB-110), which perform the conversion GPIB-optical and vice- 
versa (one of them installed at the centrifuge and the other at the 
control room). 

3 ACCESSORIES 

3.1 Equipment for the construction and monitoring of models 

The facility has a prototype design and construction laboratory, 
beside the centrifuge, where all equipment needed for the 
construction of models is placed. 

Two containers, a circular tub and a rectangular box, are used 
for model preparation. Soil specimens can be consolidated using a 
consolidometer manufactured by CIEL. 

I flight characterisation of soil samples by on-board cone 
apparatus is also possible. 

In flight monitoring of models is accomplished by using 
displacement potentiometers, LVDT's and load cells, while the 
on-board CCD camera allows real time survey of models 
behaviour. 
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4 - Linear potentiometer 
5-LVDT 

1 - Pneumatic actuator 
2 - Load cell 
3 - Loading plate 

Figure 3. Loading system set-up (Figure 2 - section A-A)



3.2 Actuator for cone and foundation testing 

A pneumatic loading system (Figures 2 and 3) provides for the 
possibility to apply a variable force to a foundation model or a 
structure. The equipment was designed for testing foundations 
bearing or piles under vertical loading. It was designed in such a 
way that loading and unloading forces are allowed. It has two 

o of freedom and operates in a user-friendly manner (easy to 
adjust). 

This device is to be operated from the control room (next to the 
control panel of the centrifuge and the acquisition data computer). 

The system is basically constituted: by: a pneumatic actuator 
controlled by a precision pressure regulator. The actuator is a 
double-acting' cylinder with through  piston rod: The piston 
diameter is100: mm and the stroke length'is 50 mm. Tt weights 
about 4.0 kg and provides a loading capability of 4.5 kN at 0.6 
MPa to a maximum working pressure of | MPa, 

To measure the applied force a load cell is installed at the end 
of the actuator piston rod. All the components are supported by a 
structure designed for tests up to 100g. Displacement measuring 
of the loading plate is accomplished by an LVDT and a linear 
potentiometer placed in positions diametrically opposites relatively 
to the loading axis. These two devices are supported by an 
independent steel structure mounted parallel to the first one. 

The referred to configuration is to be used during tests with the 
420 mm diameter tub. A similar configuration can be used for the 
rectangular plane strain box. 

The compressed air is supplied by an ATLAS COPCO unit 
installed at a room near the laboratory, which feeds an air circuit 
to the control room. This circuit is then connected to the 
centrifuge by the fluid rotary joint. 

4 PLANNED ACTIVITIES AND CONCLUSIONS 

The new centrifuge facility recently established at the 
Geotecnhique Department of the Portuguese National Laboratory 
for Civil Engineering was described. 

The facility has added to the existing potential at LNEC for 
solving some geotechnical problems, but requires initial effort on 
mastering the technique and training staff. The nature of the initial 
tests is, for learning reasons, simple and concentrates on areas that 
have generated results published elsewhere for the sake of 
certification of procedures. 

A slight exception to the simplicity was made on environmental 
topics, recognisably hard, because a valuable opportunity of 
cooperation with other European centres advised LNEC to 
participate as described below. 

In summary, the topics at study are: 
e Behaviour of lateraliy loaded piles and pile groups on dry 

sand; 

Scale effects on modelling soil-pile interaction problems, 
including the evaluation of the importance of rugosity 
versus size parameters; 

Transport of contaminants on soils - similitude problems 
on the modelling by tests on geotechnical centrifuges; 

Study of clay liners, their cracking and its influence on soil 
contamination. 

LNEC as been cooperating with LCPC (Bouguenais) in a 
project, financed by a joint program of Portugal and France, on 
the aspects of scale effects on centrifuge modelling. 

On environmental problems, LNEC is associated to ten other 
European institutions, owners of centrifuges in the United 
Kingdom, France, Netherlands, Denmark, Italy and Germany, 
through a recently started networking project (NECER) financed 
within the Training and Mobility of Researchers Program of the 
European Union. The duration of NECER is 4 years, its themes 
are on environmental engineering and it is expected to contribute 
to an end of decade with experience applicable to the modelling of 
transport of pollutants in soils, a serious and technically 
challenging problem at present. 

390 

REFERENCES 

Acutronic France 1993. Instruction manual. Centrifuge model 
661-1 J 57010. Acutronic. 

Portugal, 1.C., Madeira, L.A. & Santos, C.A. 1995. Geotechnique 
department centrifuge - commissioning. Report 290/95 of the 
Portuguese National Laboratory for Civil Engineering (in 
Portuguese). 

  
 





FROM THE SAME PUBLISHER: 

Publications Committee XII ICSMFE (eds.) 9054103701 
13th international conference on soil mechanics and founda- 
tion engineering — Proceedings / Comptes-rendus, New Delhi, 5- 
10 January 1994 (Norights India) 
1994,28 cm, 3500 pp., 6 vols, Hfl.1350/$750.00/£550 
Topics: Soil properties; Foundations; Design & performance of re- 
taining & buried structures; Embankment dams & dam founda- 
tions; Natural hazard mitigation; Ground improvement; Liquefac- 
tion;Geophysical methods;Professional practices; Computer ap- 
plications; Foundations of old structures & monuments; etc. 
Nearly all papers in English. 

Almeida, Márcio (ed.) 9054108851 
Recent developments in soiland pavement mechanics — Pro- 
ceedingsof'the international symposium, Rio de Janeiro, Brazil, 
25-27 June 1997 
1997, 25 cm, 520 pp., Hfl.165/$95.00/£56 
The 57 contributions cover a wide number of subjects related to 
soil properties, site investigation, numerical, physical and prob- 
abilistic methods, pavement mechanics, earth works, environmen- 
tal geotechnics and foundation engineering. 

Behringer, R.P. & J.TJenkins (eds.) 9054108843 
Powder and grains97 — Proceedings of'the third international 
conference, Durham, North Carolina, 18-23 May 1997 
1997, 25 em, 584 pp., Hfl.230/$130.00/£78 
An improved understanding of the micromechanics of granular 
media presents a host of challenges which require an interdiscipli- 
nary approach involving both physicists and engineers. Improve- 
ments in our understanding of granular materials are highly rele- 
vant to contemporary technological problems in a wide industrial 
context. Research reported in these proceedings includes, but is 
notnecessarily limited to, studies of: Industrial and field systems, 
powder compaction, agelomeration and fracture, quasi-static de- 
formations, stress fluctuations, vibrated beds, collisional grain 
flows, avalanches and hopper flows. 

Hawkins, A.B.(ed.) 9054108665 
Ground chemistry: Implications for construction — Proceed- 
ingsofthe international conference, University ofBristol, UK, 
1992 
1997, 25 cm, 672 pp., Hfl.195/$105.00/£66 
The disturbance of the status quo as a consequence of engineering 
works has given rise to many problematic situations, created new 
problems and exacebated existing ones. Changes in ground water, 
temperature and the weathering state of the exposed material lead 
to chemical reactions which may induce aggresivity, facilitate the 
formation of new minerals with different volumes or create envi- 
ronments particularly conductive to the proliferation of bacteria. 
More recently the dynamic and interactive relationship of such 
processes has been appreciated. 

Viggiani, C. (ed.) 9054108711 
Geotechnical engineering for the preservation ofmonuments 
and historical sites — Proceedings ofan international symposi- 
um, Naples, 3-4 October 1996 
1997, 25 cm, c.600 pp., Hfl.195/$110.00/£66 
The interactions between geotechnical engineering and the preser- 
vation of monuments and historic sites is well exemplified by 
casesas the Tower of Pisa, the Cathedral of Mexico City, and a 
number of archaelogical sites, etc. Two lectures deal with the inte- 
grated approach to the safeguard of monuments and the geotechni- 
cal problems of the ancient Egypt. Three general reports on inves- 
tigation, monitoring and intervention techniques provide a syste- 
matic appraisal of the state of the art. 

Ochiai, H., N. Yasufuku & K.Omine (eds.) 9054108339 
Earth reinforcement —Proceedingsof'the international symposi- 
um, Fukuoka, Kyushu, Japan, 12-14 November 1996 
1996, 25 cm, c.1200 pp., 2 vols, Hfl.245 /$150.00/£100 
The papers are arranged under five categories which cover almost 
allaspects in the area of earth reinforcement: Testing and materi- 
als; Embankments; Wall structures; Foundations; Slopes and exca- 
vations. The second volume contains the special and keynote lec- 
tures, the special reports on the performance of earth reinforce- 
ment structures under the latest two great carthquakes. 

Kutzner, Christian 9054106344 
Grouting of rock and soil 
1996, 25 cm, 286 pp., Hfl.175/$99.00/£69 
This book deals with the design and execution of grouting works 
inall kinds ofrock and soil, including jet grouting. Design princi- 
ples are discussed whereby different approaches, exercised in dif- 
ferent parts of the world, are compared to each other and evalua- 
ted. The work performance including the necessary machinery 
and accessories is explained. Considerations are made of conven- 
tional and advanced methods of tendering and contracting. 

9054101466 
Building on soft soils — Design and construction ofearthstructu- 
res bothon andinto highly compressible subsoilsof low bearing 
capacity 
(CUR Report, 162) 
1996, 25 cm, 418 pp., Hfl.185.00/$95.00/£74.00 
A practical comprehensive manual treating all aspects of this sub- 
ject. From pre-design stage up to actual use (including maintenan- 
ce) of the completed structures. Six appendices treat particular 
aspects of interest from the preceding chapters. 

Ortigao, J.AR. 9054101946 
Soilmechanicsin the light of critical state theories: An intro- 
duction 

1995,25 cm, 160 pp., Hfl.120/$65.00/£45 
Student edn., 90 5410 1954, Hfl.70/$35.00/£31 
Critical state concepts gained widespread recognition asa frame- 
work to the understanding of the behaviour of soils. The same mo- 
del is applicable to different materials such as sands and clays. A 
computer program named Crisaccompanies the book. Itis used 
for training and simulation of the behaviour of soil samples subjec- 
ted to triaxial tests through the critical state models. Computer pro- 
gram Cris: Hf1.70/$40.00/£29. Hardcover edition includes com- 
puter program. 

Alonso, E.E. & P.Delage (eds.) 905410583 6 
Unsaturated soils / Solsnon saturés — Proceedings of'the firstin- 
ternational conference on un- saturated soils, UNSAT 95, Paris, 
France, 6-8 September 1995 (Norights France) 
1995, 25 cm, 1598 pp.. 3 vols, Hfl.305 /$190.00/£125 
Topics: Fundamental understanding & constitutive modelling; 
Coupled formulations for transport & deformation problems; 
New experimental data obtained through suction-controlled expe- 
Timents; Measurement of soil suction & analysis of case records 
involving compacted, swelling and collapsing soils. 

Yonekura, R., M.Terashi & M.Shibazaki (eds.) 9054108053 
Grouting and deep mixing — Proceedingsof the second interna- 
tional conference on ground improvement geosystems, Tokyo, 14- 
17 May 1996 
1996, 25 cm, 1062 pp. 2 vols, Hfl.245/$150.00/£99 
Topics: Grouting; Deep mixing: Engineering properties of materi- 
als and improved soils; Equipment, execution, and process con- 
trol; Design guidelines & engineering manual with evaluation; Ap- 
plications; New concepts & technologies. 

Allbooks available from your bookseller or directly from the publisher: 

AA. Balkema Publishers, PO. Box 1675, NL-3000 BR Rotterdam, Netherlands (Fax: +31-10-413-5947) 
For USA & Canada: A. A. Balkema Publishers, Old Post Rd, Brookfield, VT 05036-9704 (Fax: 802-276-3837)


	Untitled

