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ABSTRACT

The Small Waterplane Area Twin Hull (SWATH) vessel design concept is
currently being developed for a range of naval vessel applications which, by virtue of
their mission requirements, call for a platform with unusual stability attributes by
comparison to conventional hull forms. The history of SWATH design development
evolves from catamaran and semi-submersible hull forms with refinement of the
variables of lower hull geometry and size, distance between and connection to
hull/strut members, strut area and shape, distance from underdeck structure to
operating draft, methods of propulsion, methods of steering and weight distribution.
When properly combined, these variables provide for a platform design which achieves
desirable ship motion characteristics for the intended operating range. A most critical
component in developing an effective SWATH design is the determination and
application of reasonable hydrodynamic loading criteria based upon anticipated
combinations of sea state, heading and speed. The utilization of both analytically
derived hydrostatic loads as well as those obtained from model testing will be
discussed. The current methods of sophisticated structural analysis applicable to an
unusual hull form of the SWATH tyg)e will be discussed in detail. A review of current
SWATH vessel design methods and applications will be provided. Conclusions are
reached as to design considerations best suited for SWATH vessels.

INTRODUCTION

At the present time, the application of the concept of Small-Waterplane-Area-
Twin-Hull (SWATH) is of increasing interest to the naval design community. The
SWATH ship of comparable size to a conventional catamaran or monohull
displacement ship has more favorable characteristics for certain applications, namely:
large transverse stability; low vertical motion and acceleration amplitudes; high
sustained speed at most headings to ocean waves; and large deck area for relative
displacement. These attributes make the SWATH design very desirable as a naval
platform in cases where primary mission requirements necessitate the use of a vessel
with the ability to operate with unique seakeeping characteristics at a variety of speeds
and headings throughout a broad spectrum of sea conditions. As a result of its small
waterplane area, the SWATH ship is characterized as having relatively long motion
natural periods, particularly roll motion. The long natural periods enable the vessel to
avoid resonant excitation in most sea states. The SWATH ship resonance motions may
however be excited by long swells or very high sea states of long period. In addition to
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the attributes noted, the SWATH design offers a number of secondary benefits which
are desirable for naval vessel applications, namely: generally good damaged stability
characteristics; unique layout flexibility due to rectangular platform geometry;
relatively high propeller efficiency; preordained opportunity for physical system
redundancy; relatively low underwater noise signature; and outstanding
maneuverability characteristics at low speeds. The SWATH design does have some
disadvantages which must be considered when designing for certain naval vessel roles
namely: extremely weight sensitivity; unusual draft and freeboard considerations;
potential for upper hull underdeck slamming; unusually large beam ratio; relatively
slow speed in calm water. Naval designers may attempt to mitigate the effects of some
of these disadvantages by a variety of means including sophisticated ballasting systems,
variable draft capability and active control surfaces.

The SWATH design therefore may be considered for a variety of naval vessel
roles including: strategic positioning; surveillance; oceanographic and hydrographic
survey; personnel transport; offshore patrol; offshore range support; mine warfare;
towing; and vertically deployed aircraft platform.

Historically, the SWATH design evolved from conventional catamaran and
semi-submersible platform technology. Much is available in the literature concerning
the chronology of this evolution. Some of the difference between the SWATH design
and those from which it evolved are very important in concept, as well as application if
an effective SWATH design is to be generated. The size and shape of the lower hulls
must provide effective buoyancy, as well as acceptable hydrodynamic properties
without sacrificing strength requirements. The methods of attachment of the lower
hulls to the struts, and the struts in turn to the upper hull are very important given the
levels of stress transition at those areas. The number, size and geometry of the struts
must be determined to provide the optimum water plane area and air draft while
maintaining required strength. Propulsion configuration must consider unique hull
geometry as well as acceptable weight distribution in layout. Control surfaces and
steering interface must effectively provide both the desired seakeeping and
maneuvering characteristics while handling the unusual loads encountered as a result
of hydrodynamic considerations. Both structural and mechanical weight requirements
?nd distribution must be precisely considered due to the weight sensitivity of the hull

orm.

The determination and application of motion and wave loads must be of
primary concern during design. The structural response and fatigue life associated with
the design must be carefully ascertained. Given the unique stress yaths endemic in a
SWATH design, certain structural details require analysis. Examples are openings in
bulkheads and brackets.

LOADS

Like all marine structures, SWATH vessels are subject to seaway loads which
are generally classified as Primary and Secondary Loads as follows:

o Primary Loads are those loads which affect the structure as a whole and
therefore generally govern the general configuration and scantlings of the
vessel.

o Secondary Loads are more localized by nature and therefore generally
govern local scantlings and structural details. :



The determination of both types of loads for SWATH vessels is both different
and more complex than required for monohulls.

PRIMARY LOADS

Primary Loads for monohulls are those acting along the length of the vessel
which produce shear and bending forces along the longitudinal axis of the hull girder.
Transverse loads have been shown to be of minor consequence in the vast majority of
cases. Conventional practice for monohulls is therefore based in the two-dimensional
analysis of the vessel at various load conditions upon waves of various heights and
shapes as well as in still water. In general, the design wave height or shape does not
equate to specific sea conditions or extreme cases, but represent a base line, or
reference condition, from which the structural adequacy of the hull can be judged in
comparison with previous, successful designs. This practice is not suitable or adequate
for SWATH vessels.

The separate hulls and greater beam of SWATH vessels result in- a
predominance of forces in the transverse direction. Differential hydrostatic forces and
dynamic effects alternatively spread the hulls apart and squeeze them together.
Further, these transverse forces generally vary along the length of the vessel due to the
configuration of the struts and lower hulls resulting in torsional effects. Thus for a
SWATH vessel it is necessary to consider three-dimensional, dynamic (or at least semi-
static) loading conditions. The alternating nature of the loads and typical scantlings of
SWATH vessels raise concern for fatigue strength which require consideration of long
term and extreme case loading consideration. The current state of SWATH design
development is further compounded by the lack of extensive full scale experience.
These factors combine to make the determination of loads for SWATH vessels more
complex and more critical than for monohulls, and thus justify the expenditure of much
more time and effort during design.

SECONDARY LOADS

The nature of secondary seaway loads such as localized wave impacts are the
same for monohulls and SWATHs. SWATH type vessels, however, generally have
extensive flat areas on the underside of the cross structure which vastly increase the
likelihood of wave impact at very high pressure. Recent model tests even suggest that
the outboard surfaces of the struts (which are very, similar to the side shell of a
monohull) may be subjected to high, localized wave impact pressure. It is, therefore,
necessary to include consideration of these secondary loag)s throughout the design
development of a SWATH vessel.

PRELIMINARY LOAD ESTIMATION

During early stages of design (prior to development of refined hull form,
reliable weight estimates and final bulkhead locations) it is necessary to rely on load
estimation methods for initial sizing of scantlings and evaluation of proposed structural
configurations. For this purpose, the Primary Load estimating procedures developed
by the U.S. Navy at the David Taylor Research Center (DTRC) have proven useful.



Full descriptions of the procedures and their development are given in references [1]
and [2].

As noted previously, the most significant wave induced loads on a SWATH type
vessel are the side forces which act on the side struts and lower hulls. Studies have
indicated these forces are greatest in the beam sea case and decrease to insignificance
in the head and following sea cases. The quartering sea cases are important since
these appear to produce the greatest torsional effects.

Sikora and Dinsenbacher propose [3] an algorithm to estimate maximum side
load based on analysis and model tésts of over 15 SWATH design studies which
included single and tandem struts per side. The algorithm applies to vessels in the
3,000 ton to 30,000 ton range operating in the North Atlantic at random headings for a
20 year period at 50 percent operability (e.g. 3,600 at sea days), The maximum lifetime
beam sea side load is estimated as:

F =ADTL
where
F = maximum lifetime load (tons)
A = displacement (tons)
D = 1.55-0.75 tanh (A /11,000)
T = 0.532 x draft (ft) / AY/3
L = 0.75 + 0.35 tanh (0.5L.-6.0)
L = strut length (ft) / Al/%

Studies indicated that this force appears to act at mid-draft for the beam sea
case and approximately so for the quartering sea cases.

The longitudinal center of this force is more difficult to estimate, and is critical
in distributing the side load along the length of the vessel. For this purpose Sikora and
Dinsenbacher propose a torque arm factor, figure 1, which is the percent of the strut
length from the mid length point of the strut at which the side force is centered. For
design they recommend distribution of the side force along the length of the strut
(ignoring lower hull overhang) as a trapezoidal function with the centroid of the
trapezoid located as noted above. :
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The DTRC studies indicate correlation of algorithm estimates to model test
results to be slightly greater than 10 percent, which is adequate for parametric studies
and preliminary designs. :

Studies in the United Kingdom for the Royal Navy [4] resulted in endorsement
of the Sikora - Dinsenbacher algorithm for preliminary load estimates. Estimates of
potential error were developed which allow designers to make corrections based on
engineering judgement.

ESTIMATES OF SECONDARY LOADS

No "rule-of-thumb" has yet been proposed for secondary or wave impact loads
although extensive work is being carried out. These loads are too dependent upon
vessel configuration (haunch shape, vessel length, wet deck height above water line,
etc.) and operating conditions (sea state, vessel speed, etc.) to allow reliance on
simplistic estimates. It is clear, however, that these loads are substantial. The
T-AGOS 19 wet deck was designed for approximately S0 psi forward, 63 psi at midship
and 20 psi in the stern [3], where as the KAIYO wet deck was designed for
approximately 100 psi at the bow, 25 psi at midship and 50 psi at the stern [5]. The
large discrepancy in these values and their distribution indicate the unsettled nature of
the load determination.

LOAD DETERMINATION BY MODEL TESTING

The testing of SWATH models for load data is complex and requires extensive
facilities. The models must be hydrodynamically accurate and of adequate scale to
allow instrumentation for either direct load measurement or stress response. The
testing tank must be equipped with wave makers programmed to reliably generate a
variety of wave conditions. The facility must be large enough to allow testing of beam
and quartering sea cases without interference by side wall effects.

Load models are of two types; flexible and segmented, rigid body type. A
flexible model duplicates the relative stiffness of the full scale structure and provides
similar stress response. Rigid vinyl plastic such as PVC (Polyvinal Chloride) is
frequently used for such models. They normally provide highly accurate results, but
are very costly and time consuming to construct.

Because of cost, segmented models are more frequently used. This type model
consists of rigid sections which are joined together with flexible load cells. The load
cells provide the only load path between the segments and thereby allow determination
of forces acting on the model. For a SWATH vessel such a model would typically be
segmented in three parts; the cross structure, and the two struts and lower hulls. With
properly instrumented load cells, shear and bending force data may be obtained which
allows determination of side load, transverse bending and longitudinal tension.

The stiffness characteristics of such a model do not generally scale to the
stiffness of the full scale vessel. Therefore dynamic responses from such a model do
not scale in either frequency or magnitude to what might be expected at full scale. For
low frequency wave induced loads such as apply to SWATH primary loads, this lack of
dynamic scaling is not generally significant.



The use of models to determine wave impact loads requires pressure sensors or
load diaphragms located at the areas of interest. Both systems have limitations and
add significantly to the complexity of the process.

Pressure sensors are relatively easy to install on a model, but since they measure
only point, peak pressure, their meaning is often difficult to assess. Peak pressures,
while of interest, are not really significant in the design since they occur only over a
very small area. Pressure sensor data must, therefore, be adjusted to apply to larger
areas such as plate panels or stiffener grillages.

Pressure diaphragms are more difficult to install but yield more useful results.
Pressure diaphragms are large and are designed to simulate the relative strength
properties of the actual structure. The diaphragm may represent plate panels or entire
grillage systems. They are instrumented to provide strain response data from which
significant load data may be obtained.

In either case, statistical processing of the wave impact data is necessary to
determine design load values.

Extensive wave impact model experiments on a SWATH model have been
conducted in Canada by Defense Research Establishment Atlantic (DREA) as
reported in reference [6]. These experiments involved a large radio-controlled model
operating in Bedford Basin near Halifax where sea conditions approximate North
Atlantic conditions. The intent of this experiment was to develop a simple empirical
method to predict peak impact pressures. The results, however, exhibited excessive
scatter in the data (in excess of 20%) which precluded achievement of the goal.

Previous model experiments by Zarnick at DTRC are also reported in reference
[6] to have had the same problem. More recent tests may have resolved there
difficulties but these have not been reported on in public literature.

ANALYTICAL DETERMINATION OF PRIMARY LOADS

The availability of powerful computer facilities have made possible the practical
development of highly accurate load prediction programs for complex vessels such as
SWATH hull forms. Work is progressing in the U.S., U.K. [4] and Japan [5] with
varying degrees of success. The following is a review of analytical investigations
conducted by the American Bureau of Shipping for several SWATH type vessels with
excellent results as reported in references [6] and [7].

The analytical approach followed by ABS for determining wave loads is based
on the linear response of the vessel to harmonic wave excitation. Strip theory and a
two-dimensional source sink distribution method are used to obtain the hydrodynamic
coefficients associated with motion equations which take into account the
hydrodynamic interaction of the two hulls.

The hydrodynamic pressure distribution over the surface of the wetted hull
section consists of four components:

1. the incident wave pressure due to plane pressure waves,






