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SUMMARY

The paper describes a large-size structural laboratory based on a reaction-wall

facility proposed for the JRC Ispra establishment. It is foreseen that this

will be used for large and full-scale testing of a wide variety of structures

and components in the fields of civil/structural, echanical, and geotechnical

engineering.

After briefly reviewing the background market research done to establish the

needs for a large central facility in the Community, the main advantages and

limitations of reaction-wall testing in comparison with other experimental

techniques are summarized.

The main characteristics of the proposed facility are then given followed by

the identified fields of research in which significant tests can be performed.

Finally, the proposed method of implementing an integral programme of work

within the European Community member states is presented.
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1. NEEDS FOR A LARGE CENTRAL FACILITY

1.1 Background - Vibrating Table Enquiry

The European Community Council of Ministers for Research, in its meeting of

10 March, 1983, instructed the European Community's Commission to prepare a

study on some important research topics which should be included in the Joint

Research Centre (JRC) multiannual programme as part of a diversification from

specifically nuclear-reactor related safety issues.

One of these topics involved the realization of a large capacity vibrating

table to be used in safety research on components and structures, both nuclear

and otherwise, in the seismic field. In particular, the JRC was asked to

collect and analyse the technical information required in order to evaluate the

interest for the member countries to build a vibrating table of much larger

capacity than that of the tables presently in operation within the community.

In order to obtain the necessary elements for a judgement on this matter, the

JRC promoted, among other things, an in-depth enquiry in the member countries

in order to assess the real interest for the availability of a large vibrating

table. The enquiry had to highlight the following points:

- the existence of real experimental needs for large-scale testing related to

research, qualification or demonstration purposes with emphasis placed on the

benefits expected from a higher capacity of experimental means as compared

to the existing situation;

- the identification of types of structures, equipment or components to be

tested in the large experimental facility (with indications regarding the

maximum weight and dimensions of the test specimens as well as the desirable

dimensions and performance spectrum of the test facility);

- indications on the number of experiments to be performed in a reference period

of eight/ten years.

For practical reasons, the enquiry was conducted separately in the following

four geographical areas:

A) Denmark, Republic of Ireland, the United Kingdom (Contractor: UKAEA, SRD,

Culcheth);

B) Belgium, France, Federal Republic of Germany, Luxemburg, the Netherlands

(Contractor: Technische Hochschule, Darmstadt);

C) Greece, Italy Contractor- ENEA-Rome in collaboration with ISMES-Bergamo,

Politecnico di Milano and National Technical University-Athens);

D) Portugal, Spain (Contractor: D'Appolonia EspaZa, S.A., Madrid).

In each of the above geographical areas, the enquiry contacted all known Po-

tential users of the facility, including public bodies, research organizations,

industries, engineering and construction firms.

1.2 Results of the Enquiry

The detailed results of the enquiry are contained in reports prepared by the

four contractors. The most substantial results are summarized below.

In total, 125 positive responses were received from the people contacted. These

are shown in Table for the various geographical areas in terms of the

"interest" or "high interest" shown. The interest for research activities in

earthquake engineering and structural dynamics in the Community is higher than

had been anticipated from the consideration that only a few member states are

exposed to severe earthquakes. Several reasons were mentioned during dis-

cussions with national experts which justify an interest in earthquake research

in almost all member countries of the Community:
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TABLE - Positive responses from the enquiry

Geographical High Some Total

group interest interest

A 9 9

B 28 17 45

C 34 18 52

D 7 12 19

- each country has critical facilities (e.g. nuclear power stations, large dams,

bridges, etc.) which, in any case, require an accurate a-seismic design;

- the European construction industries want to export their technology to coun-

tries with a high seismic risk and, therefore, have to comply with the regu-

lations and testing requirements existing in those countries;

- very substantial efforts are presently being devoted in the USA and more

specifically in Japan, to experimental research in earthquake engineering.

This is a cause of concern because experimental research produces the basic

data needed for progress in earthquake engineering and structural safety.

Without similar progress in the Community, the competitiveness of the Euro-

pean industries on the world technology market could be quite severely under-

mined.

It appears that specific needs for conducting tests at large scale do exist in

several sectors of engineering, most notably in civil engineering, geotechnical

engineering, and - to a lesser extent - in mechanical engineering. In particu-

lar, tests are needed which will supply data throughout the range of loadings

from elastic design conditions through the non-linear damage region to structu-

ral collapse.

The majority opinion among European experts is that a significant step towards

an improved understanding of dynamic structural behaviour, especially in the

non-linear range, could be taken by the development of integrated and coordi-

nated research actions at the Community level. In particular, it is believed

that large-scale testing will provide data which, although currently lacking,

are necessary for the development and validation of computer models for the

dynamic response of structures induced for example by seismic events. In turn,

such experimentally validated computer codes are essential for the improvement

of design rules and construction norms.

There are a number of small and medium-capacity shaking tables in the Community,

the largest being the recently proposed table to be built at Saclay in France

with a payload capacity of 100 tons. These are to be compared with the giant

facilities such as the Tadotsu 1000-ton table in Japan or the proposed 2000-ton

tables in the USA and USSR.

The suggested characteristics for a large European shaking table (payload capa-

city, size, frequency range, degrees of freedom for the table motion) varied

in quite a broad range. However, it would seem that convergence of views could

occur on a table with a payload capacity in the range of 200-300 tons and a

platform area of the order of 100 m2. Tables much larger than this, although

useful for demonstration purposes, are thought to be of little flexibility and

versatility for systematic research investigations and they are very expensive.

Emphasis was placed by several experts on the degree of sophistication required

of the table which should - in their view - have 3 degrees of freedom in trans-

lation and possibly rotational degrees of freedom.

It was also suggested that an appropriate reaction wall be envisaged next to

the table, to permit static, pseudo-dynamic and cyclic testing, using the sme

hydraulic power supply and the same data acquisition system as the vibrating

table. This comparatively new aspect of large-scale testing is discussed in the

next section.
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2. REACTION-WALL TESTING

Reaction walls equipped with hydraulically driven and numerically controlled

actuators are currently emerging as versatile tools for conducting experimental

research on a wide variety of components, subassemblies, and full structural

systems, under both static and dynamic loading. The main advantages of reaction-

wall testing in the seismic area, as compared to shaking table testing are the

relatively low costs and the capability to conduct tests at a much larger scale.

This is important because in many instances where design details are being

studied, the scale of the test cannot be reduced because a smaller model cannot

represent the behaviour of the prototype, particularly in the non-linear regime.

For example, in reinforced concrete structures, behaviour that depends on the

bond between steel bars and concrete, on cracking in the concrete, or on effects

of aggregate size, cannot be studied realistically using small-scale models.

Similar limitations exist for testing steel structures that have welded or

bolted connections. For masonry structures, small-scale models may be inappro-

priate because the workmanship is difficult to replicate and development of

these models may be as expensive as full-scale testing.

Full-scale testing of structures is restricted currently to on-site measurements

of the response of actual structures to real seismic events or other imposed

dynamic loads. Thus, for example, a building can be excited to resonance by an

eccentric-mass vibrator or by ground waves from an explosive charge. Similarly

the response of bridges to wind or traffic excitation can be measured. These

methods are extremely useful in confirming models and design concepts and are

comparatively inexpensive. However, they have severe limitations in the seve-

rity and realism of the loading which can be applied and in the extent to

which the structures can be instrumented (this latter being particularly true

for real seismic events).

In general (with the exception of light models, e.g. piping systems), reaction

walls are limited by the fact that they apply essentially static or static-

cyclic forces to structures. Dynamic inertial forces and structural damping

are, therefore, generally not included in the experiment.

The above limitation of reaction-wall testing of heavy structural systems can

be partially alleviated by the use of the so-called pseudo-dynamic method. In

this method (which applies to structures representable by a lumped-mass system),

the equations of dynamic motion of the structure under prescribed time-depen-

dent loading (e.g. earthquake motion) are solved numerically on a digital com-

puter. However, the stiffness terms are not assumed, but measured directly

through the restoring forces from the actuators attached to the structure.

Based upon the quantities of, say, the n-th computational step, the (n+l)-th

step displacements are computed explicitly and given as commands to the actua-

tors. These, in turn, furnish the local restoring forces (through load cells)

from which the current stiffnesses can be evaluated. By repeating this incre-

mental procedure, the complete non-linear dynamic response of a large-scale

structure (e.g. multi-story building) can be simulated. The process is illus-

trated in Fig. 

A considerable amount of work has been done and is in progress in Japan and

the USA to prove the validity of this testing technique. Although some reser-

vations remain because of strain rate effects, viscous damping assumptions,

numerical error propagation and the distributed mass content of most real

structures, it seems clear that the technique has a useful role to play in

earthquake engineering studies. Furthermore, with larger hydraulic dynamic

capacities and faster computer control developments, the significance of most

of these problems can be expected to decrease in the future.

To summarize, a large reaction wall facility is:

- appropriate for large and full-scale testing of components, sub-assemblies

and full structural systems;

- versatile by being adjustable to different configurations and boundary candi-

tions;
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- capable of multi support and multi-degree excitation;
- able to simulate (via on-line computer control) dynamic loading conditions

(pseudo-dynamic testing).

It is noted, however, that no large reaction-wall systems have yet been built
in the Community.

3. PROPOSED FACILITY

Following the positive findings of the enquiry, a contract was made for a
"Conceptual Design, Timing and Cost Evaluation" for a large-size structural
laboratory. The proposed laboratory was to house a 200 ton vibrating table and
an "L"-shaped 15 m high reaction wall. Additionally, a large specimen prepara-
tion area with crane facilities was required as well as workshops, offices,
control rom, hydraulic power supplies, data acquisition and computer facili-
ties. Because of probable budget limitations, the design was requested to be
in modular form - reaction wall in two parts and a separate vibrating table.
This would allow serious large-scale testing to start at a minimum cost. In
the course of this exercise, because of the growing realization of the useful-
ness and versatility of the reaction wall, the very high cost estimated for the
vibrating table proposed and the decision of the French to build their proposed
100 ton table, it was decided to only consider the reaction wall proposal for
the foreseeable future. This will complement the Large Dynamic Test Facility
(LDTF) of the JRC which has recently started to be used for the study of the
dynamic behaviour of large reinforced concrete specimens.

3.1 Main Characteristics of Reaction Wall. Facility

The basic requirements of the proposed reaction-wall facility for RC Ispra
are characteristics that make it suitable for experimental research in various
engineering fields, such as civil-structural, mechanical, and geotechnical
engineering. Thus, in order to be of significance at the Community level and
versatile enough to guarantee a high level of usage, the proposed facility
should be of a relatively large size and possess an adequate loading capacity
in both static and dynamic conditions. The following main characteristics are
proposed (see also Table 2:

- real-time loadings with sufficient actuator and power capacities to test
medium-size mechanical components (e.g. large models of piping systems, or
liquid-filled tanks);

- computer-controlled, self-determined (on-line) loading capability pseudo-
dynamic testing of large structural systems);

- capacity to test structures with heights of about 12 m and floor areas of the
order of 12x18 m;

- capability to apply loadings in three orthogonal directions;
- computer-based data acquisition and data reduction (including graphics)

capable of handling at least 128 channels;
- support facilities, such as specimen preparation area, computing room, offi-

ces, and workshops.

4. IDENTIFIED FIELDS OF RESEARCH

4.1 Civil/Structural Engineering

Potential research themes, programme guidelines and priorities in the fields
of civil/structural and mechanical engineering have been investigated under
study contract. The types of structures considered in the field of civil/
structural engineering were buildings, bridges and structures of reinforced
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TABLE 2 - Characteristics of reaction-wall system

Reaction wall Length (m) 20
"L" shaped Width (m) 15
Demountable Height (m) is

Max unit load 5 MN1m2

Bending moment 5 MN.m/m length

Reaction floor Length (m) 20
Width (m) is
Max unit load 1 MN/m2
Bending moment 3 MN.m/m length

Actuators Load (MN) Displacement (m)

a 1 I
b I 06
c 0.5 03

concrete, masonry and steel. The objectives were classified as analytical and
experimental modelling leading to the development of design and construction
rules of new structures. Also repair, strengthening and retrofitting proce-
dures nd rules for existing structures were included. The research needs
identified were:

- verification and improvement of analytical models and techniques;
- large and full-scale experiments with realistic materials, boundaries, inter-

actions and strain rates on specimens built with a representative construc-
tion technique.

Three projects considered to be of high priority have been proposed. These
address masonry, cast in-situ reinforced concrete buildings and pre-fabricated
reinforced concrete structures, respectively. Each proposed project would be
organized in the following manner. The investigation would start at the
material level with the determination of the constitutive laws relevant to
both static and dynamic loading. It would then progress by increasing the scale

through component and sub-assembly trials to a full-scale verification stage.
Analytic and experimental work would proceed in parallel with model improve-
ment made as a result of the experiments at each of the stages.

4.2 Mechanical Engineering

As far as the field of mechanical engineering is concerned, the priority area
is that of piping systems. Currently it is felt that these systems are over-
conservatively designed for seismic loading with consequential problems in
cost, aintenance and operational loading behaviour. In order to improve the
design rules, the following research needs have been identified:

-verification of analytic models (including approximate methods);
-determination of linear and non-linear behaviour under seismic excitation

of (full size) piping elements, subassemblies and systems (including support-
ing elements);

-development of new models simulating the above observations;
-definition of failure mechanisms and operational limits.

To reach these objectives, the following programme was proposed which covers
the complete range of test methods from quasi-static through pseudo-dynamic to
full dynamic testing using the computer-controlled reaction-wall test facility:
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-Cyclic, quasi-static tests of pipe segments (e.g. straights and bends) and
supporting elements (e.g. hangers, energy absorbers) to evaluate linear and
non-linear characteristics of basic pipe and support elements and to develop
numerical algorithms describing observed behaviour under general cyclic load
conditions.

-Quasi-static tests of pipe assemblies and supports under representative earth-
quake induced displacements, to verify the overall, numerically predicted,
behaviour.

-Pseudo-dynamic tests (non-real time) of assemblies to assess basic interactive
non-linear effects of piping assemblies and major mechanical components
(e.g. pressure vessels). In these tests the actuators will be positioned at
piping support locations (floors/walls) and component connections. The dis-
tributed mass-effects of the piping system proper will be neglected. owever,
the experimental results and correlative analysis are potentially fully com-
patible.

-Dynamic tests using the pseudo-dynamic test system under real-time conditions
to permit capturing the dynamic mass effects of the piping system and the
behaviour of the supports (including load-rate dependent support elements).
Again a sequence of tests of increasing sophistication is foreseen. The first
tests will aim to determine dynamic characteristics of load-rate dependent
support elements (e.g. snubbers), then tests on pipe assemblies, systems and
supports, including snubbers and energy absorbers, but neglecting inter-
actions between both the piping system and boundary components and the piping
system and the structure (linear structural behaviour). Finally system tests
will be carried out as above but now including interactive effects through
computer on-line analysis.

4.3 Geotechnical Engineering

Potential research themes in geotechnical engineering have been investigated
under study contract. Non-linear soil behaviour and soil-structure interaction
are areas still requiring considerable research and testing at large scale.
Currently these problems are under investigation in the field using either ex-
plosive charges or real earthquakes. Nevertheless, it is felt that considerable
progress can be made through laboratory experiments provided the scale is suf-
ficiently large. A shaking table would be the ideal test vehicle here, but
some potential exists for reaction-wall testing.

Fig.2 illustrates tests on soil/pile interaction which could be performed
using the proposed reaction wall. Additionally, if sufficient dynamic hydraulic
capacity can be made available, a test arrangement like the one-dimensional
shaking table can be foreseen as sketched in Fig. 3 his can be used for more
basic soil studies and for investigating the behaviour of retaining walls, bulk-
heads and quays such as shown in Fig. 4.

5. PROGRAMME IMPLEMENTATION

The enquiries performed, although recommending strongly the construction of a
large-scale testing facility in the Community, stress that this can only be
used to best advantage within a framework of an integrated Community-wide
research programme. Thus, in each of the proposed research areas, full use of
the existing facilities and expertise in the member states must be made in a
coordinated programme for the smaller-scale studies: the large facility being
used in the essential final stages of validation and confirmation. Here, links
with other large-scale testing programmes such as those involving on-site
investigation will be necessary. To this end a scientific management group
will be set up to develop the details of such an integrated programme and to
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agree the optimum characteristics of the facility for carrying out the pro-
gramme. This group will consist of national experts in the field, who will be
expected to become fully involved with all stages of the work at the JRC and
act as links to the parts of the programme carried out in their own countries.
Funding of this latter part of the programme is intended to come from the
Community "Shared-Cost Action" budget, thus would be 50% paid by the Community.
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