
Date

Author

Address

July 2007
Kessel, J.L.F. van and J.A. Pinkster
Deift University of Technology
Ship Hydromechanics Laboratory
Mekeiweg 2, 26282 CD Delft TUDeift

Deift University of Technology

Wave-induced structural loads on different
types of aircushion supported structures

by

).L.F. van Kessel and l.A. Pinkster

Report No. 1546-P 2007

Presented at the ll International Offshore and
Polar Engineering Conference, Lisbon, Portugal
1-6 July 2007, Volume IV, ISBN 1-880653-68-O

Page lof 1/1





Table of Contents

Vortex Induced Vibrations of Slender Marine Risers - Effects of Round-
Sectioned Helical Strakes

Raed K. Lubbad, Sveinung Løset, Ove T. Gudmestad, A/f Tørum and Geir Moe

Flow Induced Vibrations Modèled by Coupled Non-linear Oscillators
Gunnar K. Fumes and Kristian Sørensen

Characteristics of Vortex Structure Induced by a Solitary Wave
Propagating over a Rectangular Cavity

Chang Lin, Tsung Chun Ho and Chin Shlang Chan g

'umper VIV - New Issues for New Frontiers
Andrew L. Carruth and Mark E. Cerkovnik

The Proceedings of
The Seventeenth: (2007) International
OFFSHORE. AND POLAR
ENGINEERING CONFERENCE

Lisbon, Portugal

VOLUME IV, 2007

FIFT H (2007) ¡SOPE HIGH.PERFORMANCEMATERIALS SYMPOSIUM: NANOMATERIALS FOR
STRUCTURAL APPLICATION (NANOMATERIALS: APPLICATIONS,.SyNTHESJS & PROCESSING,
CHARACTERIZATION & MODELING)
FIRST (2007) ¡SOPE STRAIN-BASED DESIGN SYMPOSIUM (MATERIALS; TESTING AND EVALUATION,
DESIGN AND PROJECT, MECHANICS, ASSESSMENTPROCEDURES COMPRESSIVE STRAIN LIMIT AND
BUCKLING)

H1GH-PERFORMANCEMATER1ALS(ADVANCEDSTEEL & STRUCTURES, FATIGUE AND FRACTURE,
TUBULAR STRUcTURES; ADVANCE IN WELDING TECHNOLOGY,NDE & RESIDUALSTRESS)
COMPOSITES ANDSMART STRUCTURES
EARTHQUAKE AND ENGINEERING, IMPACT & COLLISION, RELIABILiTY & SAFETY
SHIP STRUCTURES, ADVANCED SHIPS

How to Use This Table of Contents

Scroll down or use the bookmarksin the left-side frame to move to a new location in this index.
Click on the blue papertitleyou like to view.
To return to this index after viewing apaper, click the back buttonon yourwebbrowser.

This CDROM was created from theauthor-madePDF flies; View quality ofthe text and graphicsandtheease
ofreadability depend largely on thequality and/or consistency of the PDF-making procedure theauthors used.

Page 35 of 47

2772

2781

2788

2796

file://Z:\Library and Proceedings\ISOPE'JSOPE 2007\data\toc;htm 10/10/2007

ISBN 978-l-880653-68-5 (Vols. 1-4 Full Proceedings Set)
ISBN 1880653-68-0 (Vols. l-4 Full Proceedings Set)
ISSN 1098-6189 (Vols; I-4 Full Proceedings Set)



Table of Contents Page 36 of 47

Indexed by Engineering Index, Compendex and Others

Www.isope.org

orders@isope.org

Edited by:
Hyun Woo Jin, ExxonMobil Research and EngineeringCompany, Annandale, New Jersey, USA
Daniel B. Lillig, ExxonMobil Development Company, Houston, Texas, USA
Thomas Tsakalakos, Rutgers University, Piscataway, New Jersey, USA
Yong-Yi Wang, Engineering Mechanics Corp., Columbus; Ohio, USA
E1JI Tsuru, Nippon Steel Co., FLItISU, Chiba-ken, Japan

Presented at:
The Seventeenth (2007) International Offshoreand PolarEngineering:Coiifercnceel in Lisbon, Portugal, July 1-6,2007

Organized by:
International Society of Offshore and Polar Engineers

Sponsoredby:
International Society of Offshore and PolarEngineers (ISOPE) with cooperatingsocieties and associations

The publisherand the editors of its publications assume no responsibility forthestatements or opinionsexpressed in
papersor presentations by the contributorsto this conference or proceedings.

International Society of Offshore and Polar Engineers (ISOPE)
P.O. Box 189, C pertino, California 95015-0189 USA

CONTENT

PLENARY PAPER
Meeting the Latest Materials and Corrosion Challenges of Hydrocarbon
Transportation

Eric J. Wright

THE FIFTH (2007) ISOPE HIGH-PERFORMANCE MATERIALS
(11PM) SYMPOSIUM:

NANOMATERIALS FOR STRUCTURAL APPLICATION

NANOMATERL4LS: APPLICATIONS

Nanotechnology in Flexible Electronic Devices: Principles - Processes
and Applications

S. Logothetidis

Is There a Future for Nanostructured Steel?
.1. W. Norris, Jr.

Advanced Techniquesfor Monitoring and Optimizing Processes
Involving Nanoporous Materials

Anastasios I Labropoulos, Eleni C Vermisoglou, Nickolas K Kakizis, Georgios
E. Romanos, Georgios I. Pilatos, Georgios N. Karanikolos and Nick K.
Kanellopoulos

2802

2807

2814

2819

file://Z:\Library and Proceedings\ISOPE\ISOPE 2007\data\toc.htm 10/10/2007



Table of Contents Page 47 of 47

Study on the relationship between shell stress and solid stress in the 3772vicinities of shlp's welded joints
Naoki Osawa, Kiyoshí Hashimoto, Junji Sawamura, Tohei Nakal and Shota
Suzuki

Experimental Study on Deformations and Force Characteristics for 3780Flexible Plate
Zhen Liu, Beom-Soo Hyun andin-51k Nho

Development of Control Technology for Global Bending Distortion of 3787Hatch-cover in Container Carrier during Fabricating Process
Dong-Ju Lee, Gycjng-Gyu Kim and San g-Beom Shin

ADVANCED SHIPS
Wave-induced Structural loads on different types of aircushion 3,794supporte4uctu,es_ - -------

r J.L.F. van Kessel and J.A. Pinksterl

Estimate of the Parameters in the Equation of Shlps Oscillation based 3802on a Self Organizing State-Space Modeling
Daisuke Terada and Toshio Iseki

Bispectral Analysis of Non-linear Ship Response 3807
Toshio Iseki

Structural Condition. Assessment and Engineering Treatment of an 3813
Offshore Platform with Excessive vibration

Shuqing WANG, Huajun LI and Xlngxian BAO

Cyclic. Plasticity under Macroscopically Elastic Stress Condition 3818
Selichiro Tsutsumi, Masahiro Toyosada, Daiki Yafima, Kouji Murakami and
Koji Gotoh

file:/IZ:\Library and Proceedings\ISOPE\ISOPE 2007\data\toc.htm 10/10/2007





ABSTRACI'

The wave-iúduced structural loads of different types of aircushion
supported structures are described and compared with those of a
rectangular barge having the same dimensions. The structural loads
include the wave induced' bending moments and shear forces along the
length of the structure
Aircushions can significantly influence the behaviour and structural
loads of large floating structuresin waves. The reduction of the bending
moment shows that the use of aircushions can be of interest for large
floating structures.
Calculations are based on a linear three-dimensional potential method
using a linear adiabatic law to describe the air pressures inside the
cushions. The water surface within'the aircushions and!the mean wetted
surface are modelled by means of panel distributions representing
oscillatiñg sources.
Resultsof thecalculations show that the wave-induced structural loads
of aircushion supported'structures are significantly smaller than 'those
of a conventional barge, though they are not necessarily smallest in
case of a large' single aircushion A structure supported by two
aircushions, which provide 75% of the buoyancy, shows better results
with respect to pitch' motions, vertical wave shear forces and bending
moments than a structure supported by one large aircushion.
Furthermore, structural loads can be reduced by connecting two
cushions togetherin a way that air can freely flow from oñe cushion to
another.

KEY WORDS: Floating, structures; aircushion support; structural
loads; wave shear forces; wave bending moments; motion behaviour,
Pneumatically 'StabilizedtPlatform.

INTRODUCTION

The first results on the behaviour of large' aircuÑhion supported
structures in waves at Delft University of Technology were presented
'by Pinkater (1997). In the following years the research was, continued'
by Pinkster. Fauzi, moVe and Tabeta (1998) and Pinksterand Meevers
Scholte (2001). ReÑults of model tests performed by Tabeta (1998)

Wave-induced structural loads on different types of aircushion supported structures

LL.F. van Kessèl
Offshore Engineering Department, Delft University of Technology,

Delft, The Netherlands
J.A. Pinkster

Ship Hydromechanics Laboratory, Delft University of Technology,
Delft, TheNetherlands

served to validate the results Of the computations. In December2004, a
PhD research started'to further investigate the behaviourof Very Large
Floating Structures supported by aircushions. This paper describes the
Wave-induced structural loads on dilTerent types of aircushion
supported structuresandcan be'considered as an extension of the other
papers writteniby Van Kessel and Pinkster (2007a,2007b).

The structural loads are based on computations with the existing linear
three dimensional diffraction code 'DELFRAC, this code was modified
to täke into account the effect of aircushions. The present paper
describes the wave shear forces and bending moments of different
configurations of aircushion supported sti-ucturesat zero forward speed
in. waves.

Successively, the numerical approach of thecômputational inethod,will
be given, followed by a description of the structural loads. Finally' the
wave-induced structural loads on different types of aircushion
supported structures will be discussed and compared with those of a
conventionaltbarge.

NUMERICAL APPROACH

The interaction between the aircushions, the structure and the
surrounding water are based on a three dimensional potential theory.
The rigid part ofthe structure ismodelled in the Usuâl way by means of
panels representing pulsating sources distributed over the mean wetted
surface of the construction.
The free surface within each aircushion is modelled by panels
representing oscillating source distributions laying in the mean free
surface of each cushion. The mean surface 'level of an individual
cushion may be substantially different 'from the other cushions and the
mean water level outside the'structure
All panels of the free surface within an aircushion are assumed to
represent a body without material mass but having added mass,
damping, hydrostatic restoring and aerostatic restoring characteristics.
Use is'made of a linearadiabatic law todescribethe air pressures inside
the cushions. The.restoriiìg coefFicients as descnbedthy Van Kesseland
Pinkster (2007a) are included in the numerical calculations. Each free
surface panelhas one degreeof freedom being the vertical motion. The
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total number of degreesof freedom (D.O.F.) therefore amounts to:

D.O.F.=6+N,,

in which:
N = number of panels incushion c

The number 6 represents the six degrees of freedom of the rigid part of
thestructure The equations of motion can inithis case be written as:
bOF.

{a#(M, +a,.,,)iwb,., +c,,,}x =X,,, n=l,2,...,D.O.F. (2)

in which:
M,5

b,,

xi

X,,

The wave forces X,,, the added mass and damping coupling
coefficients a,,1 and b,. are determined in the same way as is

customary forai multi-body system

The contribution of the total potential due to the discrete pulsating
source distributions over the structure and the free surface of the
aircushions can beexpressedas:

(A) =L (.Á)G(, A)As, (3)

mass coupling coefficient for the force in the n -

mode due to acceleration in the j -mode. Zero for
cushion panels.

= added mass coupling coefficient

= damping coupling coefficient

= springcoupling coefficient

= mode of motion

= wave force:in the si -mode

The unknown source strengths are determined based on boundary

conditions placed on the normal velocity of the fluid at the centres of
the panels:

i - iN a =L, m=l,2.....N (4)

STRUCTURAL LOADS

The internal shear forces and bending moments can be computed with
the weight distribution of the structure and the hydrodynamic forces
determined by the method as described? above. in case of a rigid
structure this is similar to the problem of a beam subjected to an
arbitrary distribtited load with additional inertia forces.
The procedure for calculation of the internal forces and moments is the
same asemplbyedin beam theory; the structure is slicedtransversely at
a station of interest, and a free body diagramas presented in Fig. I is
constructed of one portion of the hull

W,cosO M

q,.,
Figure 1: Free body diagram of the tailend of the structure.

A body-bound coordinate system is used with its origin connected to
the centre of gravity of the floating body, in which the x-axis ispositive
towards thebowin longitudinal direction, the y-axisis?positive towards
the port side andithe z-axis is directed upwards.
The shear forces and bending moments are highest when the structure
is subjected to head waves. For sake of brevity shear forces and
bending moments are discussed for head seas only as the effect of the
aircushions will be largest in this' situation. The body is consideied to
be rigid and the mass is equally distributed along the length of the
structure.

The vertical shear force acting in the plane of a eût with a distance x'
from the centre of origin canbe calculated by:

Q, (x')= - (5)

in which the vertical force q(xb) along the length of the structure
consists of inertia forces, hydromechanical forces andthe weight of the
structure. The forces on the bottom' of the structure resulting from the
prcssúres 'inside the aircushions are inclúded in the hydromechanical
forces. The forces acting on a segment of the structure can be written
as:

w"..z -
g

in which

WI X CO!

With use of Eq. (6), the vertical force q at a distance

centre of gravityofthe structure can be written as:

q(xft)=_-(ï-xÖ)+ F'+pgA.,,, - W'

The last two termsofEq (7) represent thestatic loads:
pgA, -W'

from the
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in which:
N. = total number of panels of thestructure and free

surfaces of all cushions

X = X, X2, X3=afieldpoint

A A A2, = location of a source

G(, i) Green's function of a source in A relative to a

field point
= surfaceelement of the body or the nican free

surfaces in the aircushions

o.,i
= strength of a source on surface element S due

to motion mode j

= potential in point due to j -mode of motion

, =(F'+pgA,,. W')dx +dQ, (6)

W' = mass of the structureper meter

F,' = hydromechanical forces



- [1

(13)

in which is the weight of the structural component and 'r,,,l is the

mass moment of inertia of the construction part around its centre of
gravity cm

- Structure type I name
-

No of
Cushions

ist
Cushksn

-- 2nd Nth

Cushion u CushiOn

N x M Length Length u Length

[-i [m] Lml : Lmi

I cUshion (I-AC) I x 1 140 - : -
2 çushions (2ÄC) 2 x I i 70 70 I -

2 cushions (2ACongic) 2 x I 70- 70

3 cushions (3AC) 3-x I - 30 80
:

30

t4 cushions (il4AC) 14-x I 2x 5 2 x 5 i 2 x-5

Paper No. ¡SOPE-2007-jsc-5 11 Van Kessel Total number of pages 8

and the first part of Eq. (7) represents the contribution of the dynamic
loads;

_!(,,ö) (9)

Substitution of Eq. (7) in Eq. (5) results in the final expression of the
vertical waveshear forceat a distance x' from the centre of gravity;

L

Q(x') = - x,, U)-- (IO)

A corresponding expression of the horizontal shear force in head seas
can be derived, though in this case ahorizontal component of the mass-
force should be added.

Q, (x');= (x') ö) - F']dxb

In the above, (x') is the vertical distance of the centre of gravity of

the crosssection to the body bound x-axis.

When the body is subjected to regular head seas it has an angular
accelerationaround this axis. The rotational equation of motiOn around
the y-axis normal to the plane of motion can be described by an Euler
equation:

I U =.x,, + x (12)

in which
X,,, = hydromechanical moments about the yb-axis

= exciting wave moments about the yb-axis

Ç = k, m = mass moment of inertiaaround the yb-axis

k = radius of gyration

The hydrornechanical moments are induced by the haniionic
oscillations of the rigid body, moving in the undisturbed surface of the
fluid The wave-exciting moments are produced by waves coming in on
the restrained body. Since the system is linear; the total externat
moment onthe floating-bodyiisithe sum of X,,5 and

Figure 1 shows the external forces and internal loads on a construction
part 'at a distance x' from the centre of gravity of the total body. Here
qpj aiidq,2are the external forces onithe structural component,M is the
bending moment, and N and Q are the horizontal and vertical shear
force-respectively.

The wave bending momentat a distance x' from' the centre of gravity-
canibe calculated with useof Eq. (12)and results in;

M(x')=I..IU_[ ÇqJxb)-;drb +2(x)x
Mtm

Both Q and M are hannonic functions in regular waves and the
amplitude depends on the wave height, as a result Eq. (10), (11) and
(13) can bewritten as;

Q (x')=Q,, eh1Ç) =e'' (14)

M(x') = M,, e'''" =

lt shouldlbe noted that according to Eq. (I l)the vertical shear forces at
the ends-of the structure are equal tozero, though this is not-necessarily
the case for the' vertical bending moments due to the presence of
radiation and diffraction forces at the- ends of the structure. The
radiation and diffraction forces- can result in horizontal shear forces ât
bothends of the-structure as well.

WAVE-INDUCED STRUCTURAL -LOADS ON AIRCUSHION
- SUPPORTED STRUCTURES.

The authors already showed (2007b) that a structure totally supported
by a large single aircushion- has the best results with respect to wave
bending moments - and shear forces. In case 75% of the buoyancy was
provided by a large single aircushion, the maximum wave bending
moment would decrease by 43% in comparison with that of a
conventional barge.
A disadvantage -is the relatively, large pitch motion of a structure
supported' by a- large single cushion in comparison with- that of a
pontoon. These large motions are caused by the lack of damping as
described by the authors in (2007a).

The present paper describes the effect of aircushion division on the
wave-induced structural loads. Besides, attention is paid to the pitch
motions-silice these significantly influence -the structural loads as well.
The results arecompared with those of a conventional -barge havingthe
same dimensions. The main particulars ofall structuresare;

Length 150.0 Ill KG 5O ru

Breadth 50.0 m k 42.0 m
Draught 5O m
Displacement 38437.5

The height of all' cushions is 5 m and the,ambient air pressure was-taken
equal to IOU kPa. Furthermore, -the weight of-the structure is equally
distributed along the length-of the structure and the centre-of gravity is
located atthe centre of the structure where x-= 0.

Five different aircushion configurations are compared with -a

conventional barge in -head seas. In all cases 75% of the waterline area
of the aircushioii supported structures is covered by aircushions. The
remaining 25% is covered by rigidskirtssurrounding the cushions. The

Table I; Cushion lengths of the aircushion configurations



thickness of the skirts is 5 m.

The number of cushions in lateral direction does not influence the
behaviour of the structure in head seas as discussed by the authors in
(2007a and 2007b). For this reason the width of all individual cushions
was taken equal to 40 m. The length of the cushions of the different
configurations is given in Table 1.

For sake of brevity wave forces and bending moments arc discussed for
head seas only as the effect of the cushions is largest in this case. The
lAC configuration is supported by a single aircushion with a length of
140 m. The 2AC configuration is supported by two cushions with a
length of 70 m. The cushions of the 2AC& configuration are identical
to the 2AC configuration, the difference is in the bow and stern of the
rigid structure which are placed under an angle of 45 deg with the
horizontal plane, see Fig. 2. The bow and stern of all other
configurations are perpendicular to the still water line.
The 3AC configuration is supported by two cushions of 30 rn at the
front and back of the structure and a cushion of 80 m at the centre, see
also Fig. 2.
The I4AC configuration is supported by 26 cushions with a length of 5
m and two cushions with a length of 10 m. Each cushion with a length
of 5 m is connected with a second cushion as shown in Fig. 2. Air can
flow freely from one cushions to another resulting in the sanie air
pressure in both cushions.

The wetted surface of all structures, except the bow and stern of the
2ACangie configuration, are modelled by square panels of 2.5 x 2.5 ni.
The length of the panels in the bow and stern of the 2ACgie are
larger because these are placed under an angle of 45 degrees. The total
number of panels of all other structures is equal; the rigid structure is
modelled by 624 panels and the cushions by 896 panels. The total
number of panels in the bottom of all structures is 1200.

The calculations of the structural loads ase based on the lay-out as
given in figure 3. This figure shows an aircushion configuration with N
x M cushions and regular waves approaching the structure from the

right side.

/
£4c

Figure 2: Panel models (of the bottom) of the 2AC,,,gie, 3AC and I 4AC configurations.
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X'-75 X0 X75

N rows

Figure 3: Lay-out of a free-floating structure supported by N x M
aircushions.

Fig. 4 shows that the pitch motions of the I AC configuration are
largest, this is the result of the small pitch damping as described before.
The damping of the other configurations which are supported by
multiple cushions is larger, consequently the pitch motions decrease
and approach those of the conventional barge.
At 0.90 rad/s the wave length is approximately equal to the length of
the centre cushion of the 3AC configuration. On one hand this results in
small pressure variations in the centre cushion as shown in Fig. 8. On
the other hand the large air pressure variations and phase difference in
the cushions at the front and back result in relatively large pitch
motions at this frequency as shown in Fig. 4.
Heave motions of all aircushion configurations are approximately equal
to those of the conventional barge, for this reason a figure oF the heave
motions is not included.

The vertical wave shear forces and bending moments of the
conventional barge are presented in Fig 5. The figure shows that the
shear forces are largest when the wave length is equal to the length of
the structure (0.60 radIs), in this case the maximum value is located at a
distance 50 m from the centre of the structure. The smallest amplitudes
of the vertical shear force arc reached around the centre of gravity of
the structure. A different distribution of the shear force can be seen
when the length of the structure is twice the wave length (0.90 rad/s), in
this case a maximum occurs at x = 0.
The right side of the structure is subjected to the incoming waves, as a
result the distribution of the vertical shear forces and bending moments
is not symmetrical in case the wave length is equal to the length of the
structure. In this case the maximum and minimum amplitudes are
shifted to the right. The wave bending moment on the other hand is
largest when the wave length is approximately equal to the length of the
structure at 0.60 rad/s.

M rows ivtivlss



The wave shear forcesand bending momentsof the lAC configuration
are shown in Fig 6. The maximum wave shear force occurs at the
location of the front skirt of the structure where x = 70. Moreover, the
maximum value is reached when the wave length isequal to the length
of the structure. The same conclusion can be drawn for the wave
bending moments, though the maxima occur around the centre of the
structure.
Both the vertical wave shear forces and the bending moments are
significantly reduced by the aircushion. The maximum vertical wave
shear force decreases by 30% in comparison with the conventional
barge. The reduction of the wave bending moment is even larger and
amounts to 43%.

The 2AC, 3AC and I4AC configurations are aimed at a further
reduction of the wave-induced structural loads. From the previous
section it becomes clear that the wave-induced internal forces and
moments depend on the vertical and angular acceleration respectively.
In order to reduce these accelerations, it is necessary to redúce the
heave and pitch motions respectively. Since the heave motions of the
aircushion supported structures and the conventional barge are
approximately the sanie, it is difficult to reduce the vertical structural
loads without applying appendages to the structure. The pitch motion
on the other hand can be reduced by using multiple aircushions instead
of a singlelargecushion as can beseen in Fig. 4.
The results of the 2AC configuration presented in Fig. 7 show a further
reduction of the maximum vertical wave shear force. The maximum
value occurs at the same location as was the case for the I AC, but the
force is reduced by 41% with respect to the conventional barge and
16% compared tothe lAC configuration.
The right side of the structure is subjected to the incoming waves, and
consequently the air pressure variations in the front cushion (cushion 2)
are larger athigher frequencies than those of the aft cushion,:this can be
seen in Fig. 7. The distribution of the vertical shear forces is not
symmetrical at frequencies larger than 0.50 radIs due to the difference
in pressurevariations and phases between thecushions.
The samefigurealso shows that a maximum occirs at the centre of the
structure when the wave length is approximately 70m (0.90 radIs), this
is equal to the length of the individual cushions. In this case the
pressure variations in both cushions is out of phase, i.e. when the
pressure increases in cushion I due to a wave crest, the pressure in
cushion 2 decreasesdue to a wave through.
The maximum wave bending moment of the 2AC configuration
amounts to 98% of the lAC configuration.

Figure 8 showsthe air pressurevariations and the structural loads of the
3AC configuration. From this figure it becomes clear that both the
wave shear forces and bending moments increase when the structure is
supported by more than two aircushions in longitudinal direction.
Contrary, the pitch motions decrease, but the wave bending moments
increase as a result of the relatively large vertical wave loads at the
endsof the structure.
The distribution of the vertical waveshear forces isnot symmetrical for
frequencies larger than 0.50 rad/s due to the difference in air pressure
variations between the front and aft cushion.
The maximum values of the vertical wave shear forces are located at
the boundaries between the cushions at x = -40 and x = 40. ¡n
comparison with the other configurations, the vertical shear force is
small at the location of the skirts and the centre of the structure. The
wave bending moments are larger than those of the other aircushion
supported structures. The maximum wave bending moment of the 3ÀC
configurationis87% of that of the conventional barge.

In order to reduce the midship bending moment, the pitch motion and
vertical loadsat theends of the structure should be reduced. Toachieve
this, the cushions at the front part of the I4AC configuration are
connected with cushions in the middle, e.g. the cushion at z = 67.5 is

connected with the cushion at x = 2.5. In this way the air pressure in
both connected cushions is the same and the relatively high pressure in
the front cushion is decreased by the low pressure in the centre cushion.
The same consideration holds for the cushions in the aft portion of the
construction as can beseen in Fig, 2.
Figure 9 shows the air pressure variations inside the aircushions and the
distribution of structural loads of the I4ÀC confmguration The
distribution of the vertical wave shear forces is not symmetrical around
x = O for frequencies larger than 0.50 radIs, this is dueto the difference
in air pressure variations between the cushions in the front and aft part
of the construction.
The maximum vertical wave shear force and bending moment are
approximately equal to those of the lAC configuration, though they
occur at different locations.
There are similarities between the I4AC configuration and the
Pneumatically Stabilized Platform (PSP) as described by Blood (1996).
The PSP is supported by a framework of oscillating water columns
(OWC5) which are in fact small aircúshions, these aircushions are
linked together in a way that air can flow from one OWC toanother. In
case of the PSP, the airflow is also used to etracted energy from the
waves which can be converted into electrical power.

An overview of the maximum amplitudes of the vertical internal loads
of the aircushion configurations and the conventional barge is given in
Table 2. This table clearly shows that the shear force and the bending
moments of the 2AC configuration are smallest.
The maximum values of the vertical shear fòrces and bending moments
of the 2AC,gie configuration are larger than those of the 2AC, due to
the angleof the rigid skirts atthe bow and stern of the structure. Onthe
other hand, the horizontal shear forces of the 2AC,5i. configurationare
significantly smaller than those of the other structures as can beseen in
Fig. IO.
Besides, the midship vertical shear forces and bending moments of all
aircushion configurations and the conventional barge are given in Fig.
10. The figure clearly shows that aircushions can significantly reduce
the vertical wave shear forces and bending moments.

Table 2: Maximum amplitudes of vertical shear forces and bending
moments

CONCLUSIONS

The maximum vertical wave shear forces and bending moments can be
significantly reduced by the use of aircushions. A large single cushion
shows good results, but the best results are obtained when the structure
issupported by two aircushions in longitudinal direction. When 75% of
the buoyancy is provided by two aircushions of equal size, the
maximum vertical wave shear force and bending moments decrease by
41% and 44% respectively.
An additional advantage of the two cushion configuration is the
reduction of the pitch motion in comparison with that of a structure
supported by onelargesinglecushion.
Contrary, the internal loads increase in comparison with the two
cushionconfiguration when thestructure is supported by more than two

Shear Force

[kN/m] u [-J

Bending Moment

[kN] u E-]

lAC 3357 70% l.19E+05

2AC 2832 ' 59% l.17E+05 56%
I I

2ACangje 3172 I 66% l.24E+05 I 59%

3AC 4340 : 91% l.83E+05 87%

14AC 3175 ' 66% l.18E+05 ' 56%-----I- ---------- I-----
Barge 4783 I 100% 2.IOE+05 i 100%
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cushions.
On the other hand good results with respect to vertical shear forces and
bending moments can be obtained when the structure is supported by
multiple cushions which are linked together in a way that air can freely
flow from one cushion to another. Though this structure is more
complex than n structure supported by a large single cushion, the
structural loadsare smaller.
Moreover, the,resultshave shown that aircushionsupport can be a good
solutionto reduce the internal loadsof large floating structures.
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