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ABSTRACT

The present paper documents the experiences of the Hydraulics Laboratory of the National Research Council of Canada
in the model testing of offshore structures in general, and tension leg platforms in particular. In Part I, the experimental test
facility setup for the generation of the wind loading, currents, and wave conditions is described. Techniques for the synthesis
and calibration of regular and irregular long-crested waves, and multidirectional waves are discussed in detail. The descrip
tion ofthe model construction, associated instrumentation and data processing methods is presented in Part II of this paper.

INTRODUCTION

Offshore technology has experienced a remarkable growth since
the late 1940s, when drilling platforms were first used in the Gulf
of Mexico. Today, fixed platforms have been installed in more
than 300 m of water and drilling has extended to much greater
depths. As exploration and production move to deeper waters, com
pliant platform concepts like the guyed tower and the tension leg

platform (TLP) are finding increasing use. The tension leg platform
is considered to be the most promising concept and has been the
subject of extensive research and model testing programs.

Today, sophisticated computer programs have been developed
for the design and analysis of tension leg platforms. However,
there is always a need to verify the accuracy of the numerical
results and to evaluate new design concepts. Hence, in the recent

past, numerous model testing programs involving the TLP have
been undertaken (Dillingham, 1984; Petrauskas and Lui, 1987;
Marthinsen, 1989; Freire, Roitman and Ronaldo, 1987). The

major objective of a test program is to evaluate the response of the
structure to the environmental loading. The successful implemen
tation of a test program involves expertise from different areas of

engineering, including fluid and structural mechanics, control sys
tems, instrumentation, computers, and mechanical design and fab
rication.

One aspect of model testing involves the synthesis and calibra
tion of the environmental conditions (i.e., waves, wind, and cur

rents) in the laboratory. The design and construction of the model

and the associated instrumentation and data acquisition hardware
are other important aspects. This invariably involves new and
challenging problems which call for the design and use of innova
tive instrumentation and mechanical devices. And last but not the

least important is the analysis of the data itself.
This paper documents the experiences of the Hydraulics

Laboratory of the National Research Council Canada. Part I

describes in detail the generation of the environmental loading. The
experimental setup and the data analysis are addressed in Part II of
this paper. The two parts are intended to give a comprehensive
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overview of the various factors involved in the model testing of off
shore structures in general, and the TLP in particular.

TEST FACILITIES

The hydrodynamic model tests are conducted in the multidirec

tional wave basin at the Hydraulics Laboratory in Ottawa. Figs. I
and 2 show the layout of the test basin, which is 50 m by 30 m by
3 m deep, with a 30 m long segmented wave machine along one
side of the basin. Located near the centre of the basin is a 6 m

diameter pit, which is 12 m deep. The pit has a false floor which
can be supported at any elevation, thus allowing the installation of
models in up to 15 m of water depth. The water surface elevation
in the wave basin is regulated automatically to within ± 0.5 mm of
the required water depth.

The segmented wave machine has 60 segments, each 0.5 m
wide and 2.1 m high. It may be operated in either the piston, the
flapper or a combined mode, depending on the wave frequencies
to be generated. The machine can also be relocated vertically in
order to accommodate different depths of water. It is controlled
by digital computers and powered by a 600 hp hydraulic actuator
system. It can conveniently produce waves which are normal or
oblique to the wave machine front, and can also produce multidi
rectional seas with wave heights up to 0.75 m. The wave machine
is described in detail by Miles, Laurich and Funke (1986).

Wave absorbers along three sides of the basin absorb the ener

gy from multidirectional waves generated in the facility. These
absorbers, developed at the National Research Council, are an

upright type with progressive porosity, and are effective over a
wide range of water depths (Jamieson and Mansard, 1987). They
limit wave reflections to less than 5% for most wave heights and
periods. Removable side walls may be used to cover the side

absorbers for studies requiring the generation of regular or irregu
lar long-crested waves which propagate normal to the wave
machine, in order to improve their spatial uniformity. However,
the side walls can exacerbate cross-wave problems at certain fre
quencies. For multidirectional sea states, short sections of the side

walls adjacent to the wave machine are retained. A special tech
nique involving the simulation of virtual wave generator segments
on the partial side walls is used to increase the area in the basin in

which the sea state is homogeneous (Funke and Miles, 1987).

The wave basin also has a wind simulation facility, which con
sists of an array of variable speed fans. The fan speed is modulat

ed by computer control, which allows the generation of a range of


