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ABSTRACT

A ma thema t i ca l  model and computer program have recently been
developed to predict the bending moment , sideload , and  ver ti c a l
shea r force acting on the cross structure and strut of twin—hull
shi ps In beam waves. The computer program has been used to pre-
dic t these loads for a variety of small—wat erplane—area , twin—
hull (SWATH) ships , and good agreement with experimental data
confirms the basic validity of the prediction technique . The
pr ominent feature of sideload and transverse bending—moment re-
sponses for SWATH shi ps is a sharp peak resulting f r o m  wave
d iffraction at an excitation wavelength roughly three to four
times the maximum overall beam of the ship.

ADMINISTRATIVE INFORMATION

This work has been authorized and funded h~- the Naval Material Command

under the Small—Waterp lane—Area , Twin—H ull Program , Task Funding SF43— -~22 -O’d ,

and by the Naval Sea Systems Command under the Hi gh—Perf ormance—Vehici L ,

Hvdr omechanics Program , Task F un d i n g  SF43—421—2O2.

INTRODUCTION

A p r i m a r y  cons ide ra t ion in the desi gn of twin—hull ships is the

strength of the crossbeam structure and struts necessary to sustain the

wave—induced dynamic loads. One phase of the ongoing research pr ogram of

the small—w aterp lane—area , twin—hull (SWATH) shi p concept at the David W .

Tayl or N al Shi p Research and Development Center (DTNSRDC) is the develop—

ment ot an analytical method to predict d~ nam ic loading on twin—hull ships

in waves. A mathematical model and computer—prediction tool are now a v a i l-

able wh ich ;ero vide the transverse bending moment , s i de load , and ver ti ca l

shear force l e t  ing on the cr)ssbeam and struts a t  twin—hull ships , hav ing

ze ro forward speed , in beam waves .
1

From a structural viewpoint , the transverse bending moment on the

crossbeam and struts is the most critical of the loads , and a r i s e s  f r o m

t he ac t ion o f bo th wave f o r c e s  and shi p motion. Furthermore , experiments

Curphey, R. M. , “Computation of Loads Acting on the Cross Structure
and Struts of Twin Hull Shi ps in Beam Waves ,” DTNSRDC l)epar tmen tal Report
SPD—65l—Ol (Nov 1975). A comple te listir ,c’ of references is given on
page 43.

I
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on SWATH models
2 

have shown tha t the most severe dynamic loads on the

cross d ec k a re exper ienced at zero fo rw ard  speed in bean waves; hence , the

theoretical formulation is limited to predicting loads acting in a trans-

verse ship section for the zero—speed , beam—wave condition.

The prediction technique has been used to investigate dynamic loading

for a variety of twin—hull ships , incl ud ing conven tional cat amarans and

SWATH sh ips with one and two struts per demihull. The generally good agree-

ment with available experimental results tends to confirm the basic validity

of the theoret I c i l  f or m u l a t  ion .

In t he  f i r s t  s e c t i o n  of t h i s  r e p o r t  t h e o r e t i c a l  f o r mu l a t i o n  of t he

l o a d — p r e d i c t i o n  m e t h o d  is described . Some basic elements of the loading

t h e o r y  have been presented in  p r e v i o u s  r e p o r t s  by the  au t h o r s . 3 ’4 ’ 5 However ,

this section of the report provides a comp r e hen si v e an d up—to—date descrip—

t i o n  of t he  t h e o r e t i c a l  b a s i s  f o r  the twin—hull , load—prediction computer

p r o g r a m  c u r r e n t l y in use a t  t he  C e n t e r . ’ In subsequent sections of the re-

p o r t , c omputed  t r a n s v e r s e  loads are  presented for several SWATH ships in

r e g u l a r  and i r r e g u l a r  beam waves , and compar i sons  w i t h  available results of

mode l  e x p e r i m e n t s  ar e  made.  The p r o m i n e n t  f e a t u r e s  and trends of the load

re spo nses - ir e  d i s cus sed , and i m p o r t a n t  d i s t i n c t i o n s  be tween  the loading on

SW ATH s h i p s  aud c on v e n L i o n a l c a t a m a ran s  a re  n o t e d .  I
s

THEORETICAL PREDICTION OF HYDRODYNAI’IIC LOADS

A theoretical analysis is described in this s e ct i o n  for determining

d y n a m i c  L oads  on t h e  h u l l  of a SWATH sh i p .  The a n a ly s i s  is l i m i t e d  to t h e

~Jo n es , H.  D. . I n I  1). 51. Gerzina , ‘M o t i o n s  and H u l l — I n d u c e d  B r i d g i n g
St r u c t u r e Loads for a Small Waterplane Area , Twin—Hulled Attack Aircraft
C a r r i e r  in  W i v e S , ” NS R IX:  R e p o r t  38 19 (Aug 1973).

C. M. e t  a l .  , “ P r e d i c t  ion of M et  ion  and H y d r o d y n a m i c  Loads of
( - i  ,-im;I r i o , ‘‘ Mar  in c  T e c h n o l  og~ , V o l  . 10 , No . -~ (Oc t  19 7 3 )

curp hev , R.  M . and C. N .  ci , “An a lv t i ca 1 I i i  t e r m  i n i t  ion of Structural
Li e i d i n g  on ~\ SR C a t a m a r a n  In  Be am S e - i s ,’’ NSRD C Repoi t 4 2 h 7  (Apr  19 7 4 )

l en , I’ . C.  a nd C. M. Lee , ‘‘ Mi ) t Ion and R e s i s t  I n c  e- at l o w — W c i t e - r p  1 anu
Ar c i C a t am a r a n s , ‘‘ ~ i n t F i  S y m p o s i u m  on N a v a l  H y d r o d y n a m i c s , Vol . I , Of f i ce
1) 1 ~e I V . l l  R , - c - i r h ( l ~~7 2 ) .

---S — - - - - -- ----~~~~~~~~~ —— - - -S  -- —-~~~ - -  —
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loads acting In the plane of a transverse cross section. That is , onl y
the bend ing moments , shear f orces , and tensile (compressive ) forces on the

cro ss deck and stru ts as shown in Figure 1 are considered. To simplify the

analys is, the tollowing assumptions or conditions are made. The fluid

surrounding the body is inviscid and incompressible; its motion is irrota—

tional so that a velocity potential function c~(x ,t) exists in the fluid

domain. The body is subject to regular beam waves , responds freely to the

waves in the sway , heave , and roll modes , and has no forward speed. The

ship is replaced by twin cylinders , which have a uniform cross section

identical to the midshi p section of the ship and a length that maintains

the actua l ship displacement.

Under  the  f o r e g o i n g  a s s u m p t i o n s  or c o n d i t i o n s , the loading analysis

can be reduced to a cross section plane ; see Figure 1. For a SWATH sh ip ,

there are three main structural members , i.e. , the submerged main hull , the

vertical struts , and the cross deck. The loadings of practical interest

are the bending moments and shear forcec induced on the strut and the cross

deck , especially at both the middle and the junc tures of the main structural

members , i.e., cross deck , strut , and main hull.

The analysis is first developed for loads a t  t he  m i d p o i n t  of t h e  c ro s s

d ec k or beam ; then the midpoint loads are used to evaluate loads at e t h e r

poin ts along the crossbeam and strut. This method is advantageous in that

the midpoin t—load formulation exhibits certain simp lici ty resulting fren~

symm etry of the ship section and inertial and hvdrodvnamic forces wi th N-

spect to the section centerline.

Expressions for the wave loads contain the wave—induced mo tion; hence ,

the equations of motion for heave , sway , and roll are solved as an i n t e r —  H

medi ate step in the midpoint—load computation.

The coordinate system to be used in the analysi s is showii i n  Fi g u r e  1.

The location of the center of gravity of the body is i nd i c a t e d  h~- and

the center of gravity of the ri ght—half portion of the cross secticO is in-

d i c it e d  by ( V ~~~ z )  . The h e i g h t  of the  n e u t r a l  a x i s  of t he  c ross  de~ k above

the  mean s u r f a c e  of t he  w a t e r  is deno ted  by I i .  A p l an e , p r o gr e s s  i v &  S I O U —

s o i d a l wave of a m p l i t u d e  A and l e n g t h  A Is p r o p a g a t i n g  in the positive

y dir e ct ion . 
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FORMU LATION OF CENTERLINE LOADS

From principles of rigid body mechan ics , stresses on the ship section

may be ob ta ined by a free—beam approach . This means that a portion of the

body ( the  sh ip  section in this case) is isolated by “cutting ” it at the

points where the loads are desired , and the stresses are then given by sum-

ming all forces or moments acting on one side of the cut. Since the abso-

lute value of a given load a t the cut shou ld be the same regardles s o f wh ic h

portion of the body is taken to be the free end , the load may also be ob-

tained by averag ing with appropriate sign the forces or moments from the

parts of the body on both sides of the cut. This approach was suggested by

Ogilvie for evaluation of longitudinal bending moments on ships ,
6 

and it has

been applied here to determining loads in a transverse ship section. When

loads are to be evaluated at the crossbeam midpoint by evaluating the forces

over the entire section , use can be made of the symmetry of the ship to

simp lify the loading expressions.

Let m denote the mass of the cross section; p . the hydrodynamic pres-

sure; i-i = (i-i2 ,  n3
), the unit norma l vector pointing into the body; 

~2’ ~~
and 

~
,,, r e s p e c t i v e l y ,  the  d i sp lacement  of the  body f r o m  i t s  mean p o s i t i o n

in sway ,  heave , and r o l l ;  JR+L
d Q , the  i n t e g r a l  over  t h e  submerged  c o n t o u r

of the cross section on the right and left sides at the mean position.

Then , the expressions for various loadings per unit length can be written

as

H o r i z o n t a l  Shear

,(o) 1

~2 
= — -

~~ ~J 
pn

2 
s g n ( y) d ~ ( 1)

R+I,

Vert ical Shear

(o) I -: 1 -

4 V
3 

= -
~~ my .1 — j pn

3 
sgn (v)de (.~~

R+I.

6
0g ii vie , T. F. , “On he Compu tat Ion of Wave— i n d u e  e d  Bend Ing and Toi~ 101)

Moment  , ‘ Journal of Shi p Resea t  c Ii , Va 1 . 15 , N~~. ( I 7 1  )

5
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Rend ing Moment

M~
o) 

= 
~~ my~~~3 

- 
~ J p in

3 i v ~ + n
2
(~~~~z)s (y)1~~ (3)

where m is the mass per unit length of the hull cross section

Y ) is the y—coordlnate of the center of gravity of the ri ght—half
portion of the hull cross section , the double dot denotes the
iccel erat Ion

sgn(y) me ins the sign at the y vari ab le , i.e . , on the right—half side
v -o and on the left— h a l f  side v~ 0.

As c m  be seen in The f o r e g o i n g  f o r m u l a s , to  evaluate the loads , the

motion of the body and the pressure distrib ution on the hull are required.

This information can he obt ained by solving for a velocit y potential func-

tion , which represent s t h e  disturbed flow field due  to b o t h  waves  and bo dy

motion.

Under the assumption of an infinitesimally small disturbance , the

velocity potential can be expressed by

~(v,z,t) 
= 

~~(v z ) e ~~
1°

~ 
= 

~~~~~~~~~~~~~~~~~~~~ 
e
_
~~~

t 
(4)

where r is the complex amp litude of -

• Is the c o m p l e x  p o t e n t i a l  w h i c h  r e p r e s e n t s  i n c o m i n g  waves

r e p re s e n t s  the  w a v e — d i f f r a c t i o n  p o t e n t i a l

-~~~. r e p r e s e n t s  the  f l u i d  d i s t u r b a n c e  caused by hod~ m o t i o n  in t h e
i t h  mode . The wave f r e q u e n c y  oc is related to the wave length
-~ in deep w a t e r  by

and j /T. In Equation (4) the velocit y potent ials on the ri ght—hand side

ir e given In the form ot complex potent i cil , e.g.

6 
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q (y,z) = 
~~~~~~~~~~~~~~~~ + j~~5(y,

z) (6)

and it Is understood that when the product of a complex spatial function

and the time harmonic term ~~~~Wt appear-s, only the real part of the product

is to be taken , i.e.,

= 

~c 
C05 Wt + sin Wt (7)

The incoming—wave potential .~~~~~, corresponding to surface waves of the

f o r m  A cos ( K y — w t ) ,  is given by

= — ~~ e
KY

I w

whe re

2
( 9 )

~ g

The diffra cted—wdve potential 
~D 

and the notion—generated potentials . ire

determined by the  method  of source d i s t r i b u t i o n  f r o m  known values of the

normal fluid velocity on the hull surface.

I f  a h a r m o n i c  f u n c t i o n  W(y ,z) represents either 
~~~

. or 
~l)’ the bound-

a ry  c o n d i t i o n s  to be s at i s f i e d  by V are as f o l l o w s .

The F r e e — S u r f a c e  C o n d i t i o n

— K W ( y , 0) = 0
z 0

The Kinematic Body—Boundary Condition
(Sol Id S u r f , m c t ’)

an . nBody Surface

7



where V is the normal velocity of the body surface for or the negative

of the normal fluid velocity induced by the incoming wave for 
~~~~

The Van ish ing Fluid Velocity at Infinite Depth

= 0az
z —

~~

The Req uirement for Outgoing , Rad ia ted ,
Plane Waves at Iy I= ~

l im Re (
~ ~~ jKW) 

= o

where  Re means the  real  par t  of what  f o l l o w s .

The p o t e n t i a l  f u n c t i o n  V can be given b y

W ( y , z) = J Q ( n ,~~) G ( y , z ; n ,~~) d Z  (10)

where Q is the  unknown strength of the sources , and the expression of

source C g iven by Wehausen and Laitone
7 

(p. 481) is

C’, = ~~
— Rca . [1o~~(x_ ~~) - 1og(x- ~~)

+ 2 ~~ e J X ~~~ 
dk]  - j Re.  

-j K ( x - ~~)

+ ~~ Re . [lo~~(x+~ ) - log (x+~ )

C — j K ( x + T ,) . - -

+ 2 
K-k 

- 
dk] + j Re . 0

-jk (x+- .) ( lf l

7Wehausen , J. V . and E. V. Laitone , “Surface  Waves ,” Encyclopedia of
Ph ysics , Vol. IX , Spr inger Verlag, 1960 .

8
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where x - y+jz

= rr~j~,

— n—jc ~

denotes the Cauchy principal value integral.
0

The upper signs are to be taken when W is an even function of y, and the

lower signs are to be taken when V is an odd function of y. The Green

f unc tion C sa ti sf ies a l l  of the boundary condi tions imposed on W , except

the kinematic body—boundary condition. The unknown function Q Is deter-

mined by satisfying the normal velocity conditions on the hull boundary,

~~ JQCdi =
R Body Surface

The previous equation can be reduced to a Freidholm—type integral equation

for Q, and details of procedures for numerical solution are described in

Refer ences 8 and 9.

The v e l o c i t y  p o t e n t i a l  c~ 3, w h i c h  is associa ted  w i t h  heave m o t i o n , i s

an even f u n c t i o n  of ~~ ~ 2 and w h i c h  are assoc ia ted  w i t h  sway and r o l l

mot ion , r e s p e c t i v e l y ,  are odd f u n c t i o n s ;  has bo th  even and odd compon-

ents. The kinematic boundary conditions to be satisfied by these potentials

are

— = — jwn . f o r  i = 2 , 3, and 4 ( l .)
an 1Body

Sur f a ce
I

where

n
4

yn
3
—zn

2 
(1 3)

8Frank , W . ,  “O s c i l l a t i o n  of Cylinders in or Below t he  Free S u r f i c e  at
Deep Fluids ,” David Taylor Model Basin Report 2375 (Oct 1967).

9
Lee , C. M. et al. , “Added Mass and Damping Coefficients of Heaving Tw in

Cylinders in a Free Surface ,” NSRDC Report 36~~5 ( 1 9 7 1 ) .

9
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and

— = — i~~e~~~(n 2 cos Ky+n3 s in Ky)
Body
Sur f a c e

+ JwA e~~~(n
2 

sin Ky—n
3 

cos Ky)  (14)

The diffractio n potential can be expressed as the sum of an odd and

even component with respect to y, i.e. ,

= + •~~(e )  
( 1 5)

where

= — ia~e~~~(n cos Ky+n sin Ky) (16)an 2 3

and

(e)a- 1 Kz
= — ~iAe (n cos Ky—n , sin Ky) (17)

Cfl J L

When the potentials are evaluated , the pressure at any point on the hull

surf-ice is g iven by

= — 

~ 
— 

~g~~~3~
y~~~)

= iwo 
~~~~~~~~~~~~~~~~ ) e~~~~ _ 

~g(~~
3
+y r ,) ( 18)

Substitution of the pressure given by Equation (18) into Equations (1)

throug h (3) and use of the even and odd prop erties of t he  p o t e n t i a l  func-

t i o n s  
~~~~~

, -

~~~~~
, and and n 2 and n

3 w i t h  r e spec t  to  t h e  s h i p  c e n t e r l i n e  N- —

s e t  I t s  in the  f o l l o w i n g  e x p r e s s i o n s  fo r  t he  t r a n s v e r s e  t c e r c e  v~~
0)  

, t he

vert ical shear force v~
0), and the t ransverse bending moment M~~

0) 
at  the

midpoint of the cross beam .

1 0

- - - ---~~~~~~~~~~ —S-. -S — ——-—-~~~* 
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— [_P~Aje~~cosKY n2d~

_iPwJ~~~~~n2dz] 
e -jwp 

~~ 
f~~3

n
2
d~ ( 19)

v~
0) 

= - 
~~ my ~4

+pg bb 
~~ 

+ [_iP~A fe~~ sinKy n
3
d~

-jwo J~~
(o)

n dZ]e
_lW t_lwP~ J~~2

n
3
d~

-jwp~ 4 J~~4
n
3
d~ (20)

M~
0) 

= - ~~ my ~3
+pgbb 

~~ 
+ [_P~A Je~~ cosKy {n

3
y+(h

0
_z)n

2
}d~

-jwo~ 3 J
~~
3
{n

3
y+n

2
(h
0
_z)}d~

]e
3wt ( 2 1 )

where the expression for 
~~ g iven by Equa t ion  (8) is used , and ~ (e )  

and

mean , r e s p e c t i v e l y ,  the even and odd pa r t  of 
~D ’ d e f i n e d  by Eq u a t i o n s

(16) and ( 1 7 ) .

The dy nam ic loads a t the cr ossbeam midpo in t given by Equa tions ( 19)

through (21) exhibi t a certain simplicity because of the symmetry proper-

ties of the forces involved with respect to the ship centerline , in

particular , it is noted that heave is the only mode of motion contributing

to M~
0) and v~~

0)
, whi le  swa y and roll  cor~tribute onl y to v~

0).
If we remove the harmonic time dependence from the foregoing equations ,

the remaining expressions are in the form of complex amplitude. The real

11
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amplitudes and the phases with respect to the incoming waves are obtained

for  a complex ampl itude V , wh ich is expre ssed by V
o
_V

c
+IV 5

Ampl i tude = 1V 0 !

I—V \— i fPh ase = tan

EQUATIONS OF MOTION

The expressions for the midpoint loads given in Equations (19) through

(21) contain the amplitudes of motion 
~2’ 3~ 

and c,, . It is therefore

necessary to solve the equations of motion before the loads can actuall y

he evaluated.

Relative to the origin of the coordinate system Oyz , the equations for

swa y , heave , and roll motion are given by

m~ 2 
— mz 1, S 4 

= pn
2
d e~ ( 2 2 )

R+L

nP
3 

= pn
3

d Q ( 2 3 )
R+L

IE~4 — mz(.e .) = pn
4

dl  ( 2 4 )
R+L

where  I is the roll moment of inertia about the ori g in , and z
~ 

is the

z—coordi nate of the center of gravity of t he  c ross  s e c t i o n .

Substitution of the pressure from Equation (18) into Equations ~2 2 )

throug h (24) and use of the symmetry properties of 
~~ ~~~~

. :. ,  and n .

about the  ship centerline result in the following expresaions .
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{-w
2(nr~-A22 )-jwB22 }~ 2 + { _w 2m( _ z

G
)_w 2A 24

_j wB
24

}~~4

= 2pwA [Ia Je~~ n2 
sin Kydi. + j J~~~

0)
di] e

_i
~~

t (25 )

{-w
2
(~~ A 33)-jwB 33+2pg

b } ~~3

= 2pwA [~ je
’
~ n3 

cos Kydi’- j~~
(e) fl di) ] ~~~~ ( 2 6 )

{w
2 (r+A )_iwB + e g [2b (b+ ~) - 

~~B]} ~4

= 2~~ A [? 
~R

4 
sin Kydi + 

~ J~~~
o)fl dQ] e

_jwt ( 2 7 )

w h e r e

A ik  = - 
~~ t~

iSnkd 
( 2 8 )

B
ik 

= 2p J~~i
n
k
dQ (29)

f o r  i , k 2 , 3 , 4.

where  V is the  immersed cross sec t iona l  area ,

is the z—coo r d i n a t e  of the  c e n t e r  of b u oy a n cy ,

b is the  d i s t i n c ,  betwee n t he  shi p c e n t e r l i n e  and the  cen t e r l i n e  of

one h u l l , and

b Is t he  b read th  of the s t r u t  at the  w a t e r  1 l i c e .0

1 3

L..
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The terms involving the diffraction potential appearing on the rig ht

side of Equations (25) through (27) are usually evaluated by use of the

Hask ind  r e l a t i o n .  By the Ha sk ind  method , the in t eg rals  of the  d i f f r a c t i o n
p o t e n t i a l  are  rep laced b y I n t e g r a l s  i n v o l v i n g  the  forced oscillation po-

tentials so that the diffraction potential need not be explicitl y de ter—

mined. In this analysis , however , the diffraction potential is needed for

load co m p u t a t i o n * and is exp l i c i t l y  computed by using the method of source

distribution taken from the hull—boundary conditions of Equations (16) and

( 1 7 ) .
The e q u i v a l e n c e  of e v a l u a t i n g  w a v e — e x c i t i n g  f o r c e s  b y the  H askind

method and b~’ d i r e c t  c o m p u t a t i o n  and integration of the diffraction poten-

tial has been verified during the course of this work.

When all of the required potential functions and resulting wave—exciting

forces and hv -irodvn cimf c coeff icients are evaluated , EquatIons (25) t h r o u g h

(27) cm he solved for t 1 i e m o t i o n  d i s p l a c e m e n t s  
~~~~~ 

~~ 

and :~~, . With known

mo t c - n , the e q u a t i o n s  f o r  t h e  loads  (E q u a t i o n s  (19) t h r o u g h ( 2 1 ) )  can he

eval u,ited .

FORMT LAT Ic)~ OF OFF—CE~ TERL ~~
-
~~

; L~~ADS

The d ynamic loads (shear , tension/compression , and bending moment) It

point -~ ot her than the midpoint o f  t he  c rossbeam can be o b t a i n e d  b y e i t h e r

adding to or subtracting from the loads  it the mids T an of the cross deck

t h e  a p p r o p r i a t e  e f f e c t s  c o n t r i b u t e d  b y the  segmen t  of the  s t r u c t u r a l  mem-

b e r s  b e t w e en  t h e  se c t i o n  in q u e s t i o n  and t h e  ml d s p a n  s e c t i o n  of t h e  cross

d e c k .

For  t h e  sake of s i m p l i c i t y ,  we assume t h a t  t h e  mass per u n i t  l e n g t h

I s  u n i f o r m  a l o n g  the cross d ec k and a long  t h e  vertical strut cross s e c t i o n s

and i —c dd n o t e d  by m d and m , r e s p e c t i v e ly .  We d e n o t e  t h e  mass of t h e  m a i n

h u l l  section on the ri ght side by nih . and the main hull center of mass is

assumed to be along the centerline of the main h u l l  cross section ; see

*~~.l ivie
6 

has sho~~ that t he  diffract ion cont r ihui t ion t o  the bend ing
moment mci v h e  o b t a i n e d  by a h l a s k i n d — t y p e  r e l a t i o n . T h i s  m e t h o d  s t i l l  in-
vo l ve -c the solution of two rue potential functions so no re— cu computation al
cidvantag es are provided. 

— - S -— - - --- --~~ -- -
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Figure 1. The loads to be determined are  l imited to those ac t i ng  in sec-

tions of t h e  s t ru t  and the cross deck only.

The expression for the horizontal force at a location y along the

cross beam V
2(y,h )  can be easily obtained by

V
2(y,

h )  = V~
0)
~~

2
m
dy(~ 2

_h
~~4) (30)

and at a location z along the strut by

h

V
2(b ,z) = V

2(b,h0
)_m

5J 
(~ 2-z~4)dz

- I -jut
+ ) c 4 ~ 3 n ,d~~e

C(z)

= V~
0)
~~~2{md

b~~ (h _z)} ~2-w
2 
~ 
m
d

bh
~~~ 

(h 2
-z

2
) }

+i 

~ I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- t ( 31)

C ( z )

where the integral C(z) denotes the line integral along the left side of

one strut f rom the waterline to the point in co nsid&- r iti- ~n and hack to the

w a t e r l i n e  on t h e  r ig h t  s ide  of the  s t r u t , i.e. ,

~~ ( z )  

= 

~~

Z

L
e f t  

+ 

~~~~ Ri g h t
Sid e - Side

and t h e  t e rms  below t h e  dashed  l i n e  s h o u l d  he added only  when ~ - 0 , i . e . ,

b e l o w  t h e  waterline .

I -)

~~~~~~~-
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The vertical force at  a l o c a t i o n  y along the crossbeam can be obtained

I)’, 
-

V 
3

(v  
~

Il
c~

) = V
~
°
~~
_m

d J (r
3

+y~~~~ dy

= ~j o) 2 
~~~~

- m
d ~~~~

- 
/ (32)

and a t  a b c - it i o n  z ilon g t he - strut by

h
0 . .  - -

V ( h , z )  = V (h ,hi )-m (~ +h , )dz
3 3 a s 3

z 

- - - 5 - - - --- - - 5 -

+ j . j :n
3
d .e 4 t _~~

gJ 
(:

3
+~~~~)i~3

d

(- Li-) (~(z)

= V~~
°

~~~ 
~d

0 
3 d  ~ ~~. m ( h — z ) 7 .3

~~
2
m h ( l u  - 7)  -

— 0 -4

+ - J ~~ ~+: 
2~~~~ O~~ 3

( +•  
~~) t c  3 d e ~~

1 -

-
~ g (b -h ) 

i
_
~ 

~ ( h
c i

_ h
~ ) 0 -  ( 1 ))

r e  h i s t h e  b r e a c h  Ic o f  t i e  S t  r u t  a t  . If t h e  s t r u t  is ve -r t i c i i  , t h ue

- i t t  r i b u i t  t on  I r am t h e  c o m p o n e n t s  be l o w  tin d i ~~htd line w i l l  he ze ro .

i i i - h & - i c d  ing :- c n e - c c t  s it p o i n t s  a l o n g  t h e  cr os ;ia- im and strut d i c t a t e d

end ~l ,, r e-S i - ct iv ~~iv , can hi- oht i i n e d  by

I

It)

- - - - -S - - -  - -  -~~ 5--
~~~~~~~~~~
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- M~
0)_yV~

0)
~~~d 

j ) 3 +~ ul

- M~
0)_w2m

d 2 ~3
_ w m

d 6 4
w~~~ 0 2

-ogy bb
0~ 4

+ [1PgYA~~ e~~ n 3 
sin Kyd, +ie~~y~~ 

o)~~~~~
] 
e

t

+jpwy~ 2J~~2
n
3
d~ +i ~ 

y~~~J :,n3
de ( ) 4)

and

h

M ,(b ,z )  = M
3

(b ,h0
)_ (h

0
_z)V 2 (b ,h0

)-m
5 J ( z — 7 ) ( ~~ 2 -~~~4 ) d ’

+j~c~ J -~[(n—b)n 3
-(~ -z)n2 ~

d~ e 1 ‘~~

C~ z)

-~ g J (~~3
+b~~4)~~

(fl_h)n
3
_ ( _ 7 m~~

}d4

c(z)

= M~~~
0 )

+ 

[
~ c c~~hA Je~~~n

3 
s in  Ky d .+ : g ( h ~;Z )A  Je~~~n 2 s i n  Kvd

+j~~ ch J~~~
° fl

3
d~
+ o(h

~
_z) J~~

(e)f l d  ] e~~ - t

(ii -z Y
+ [2  b (h -z)-s~~m ~~~~~~~~ +~~~~h n d  -

L ~ ° R
3

+ [_w
2

m
d ~~~ +j p w(h z )  J : 3n )d ] ~
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3 2
+ [.w

2
m ~~~~~ + 

~~
-_ y bm+w2

m b h (h .-z)~~iigb b
2

(2h 3+z 3
—3zh

2
)

6 
° +j~~c~h j~~~n 3

d~~
] 4

+ [iow J~~~~~ 1~~
(n-b)n

3
-(~~-z)n 2

}d~

+ j~ u J ~p {(fl b)n
3
(~ _Z)n )~ d~

] 
e j

~~
C ( z )

+ j~~~
-
~~ J -~~

{ (~ -h)n
3
-(~ -z)n2

}d~ ~~C ( z )

+ ] ~w J ~ 3
{ (fl-b)n

3
-(~ -z)n 2 

d~~~3C ( z )

+ - 
{ ( n - h ) n  — ( -z)n ~~ - (35)

C ( z )

The l oads  at different 1 ocat i ons , d e c o m p o s e d  to  show t h e  c-ant r i h u t  t a r t s

of  v a r i o u s  sources , arc shown in Tables  1 t h r o u g h 3. A zero subscri pt  is

used to de note- the complex amplitudes. The l oads o b t a i n ed in t h e  forego ing

ire the q u a n t i t i e s  per u n i t  l e n g t h  of t h e  s h i p ;  t h u s , t h e  t o t i l  l oad s  on

the s h i p can be approximated by multiplying the sectional quantities h~ the

e q u i v a l e n t  s h i p  l e n g t h  as p r e v i o u s l y  m e n t i o n e d .

PRI-;DIcTI (IN OF LOADS ( I N  SMAL 1 WA TERl’ l c\N I ~~A R E A ,
TW I N — H u L L .  S H I P S

Over the past severil ve ers , t h e  t h i e c e r e t  i c e  I lo;id p r e d i c t ion model

dee-n - r ihed pr ev uec us h v I t s  h e - c -n appi i tch t o  h a i t i  c o n v e r t  i on , i  I e i t i m i r i n —  and

new lv desIgned sina I 1—Wa t e rp l a n e — c rca , t w i n —  h id  I ( SWA LII  1 mode I s  . load

18
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pr ediction results for conventional catamarans have been reported In Refer—

ences 3 and .
~~ . The ove r a l l  good agreement of the prediction with exper i—

m e n t a l ly  obtained loads has confirmed the basic validity of the theory for

the convent t on a l  catamaran hull farms.

in this report lo ad  predicti on results for several SWATH hull forms

‘ire - pre sented and compared with available load measurements on mode-is , and

the’ essent cc l  I e a t ures at r an sv e r s e  l o a d in g  r e s p o n s e s  on SWATH type-

~‘e l i i c  l i - s are d j s c t i s s e d .  The  r e - s u i t s  p r e s en t e d  h e r e  Ire ta r single—st rut

~W A I  ii d e s i gns , s i n c e  t h e s e -  h u l l  f o r m s  ar e  comp ci t i h l e -  w i t h  t i l e ’ i w o — d i n c - r i s i c i n c i l

i p p r c e x i m . I t  ion s  a t  t i lt ’  theory and a d e q u a t e  e x p e r i m e n t a l  d a t a  t ar t l ie -se-  s h i p s

i— c now a’.- .i I l  a h l  e- t a r  c o m p a r i s o n .  App  1 1 cat ion of t h e  t h e o ry  to t h e  pre -d i c—

t i a n  a t  l o a d s  on double st  r u t , i.e., s t r u t s  in  t , i n d e i r c , SWATH icirim- ., m d

s tab  I t - p1  ~I i  f ar m s  has  been ~I c c am p  1 i s h i e d  w i t h  some4 l i m i t e d  s u c c es s  by  a —i t  r i p—

w i s e  ap p r o . i c i i  ; h o wev er , v e ry  l i t  t 1 e e x p e r i m e n ta l  d i i i  Ire-  eva  i l ab  1 e t o

v a l i d a t e -  p r e d i c t  ions  f o r  t h e s e -  type - s of  lii i  1 1 c c  -

M o d e l s  of se v e ra l  SWATH s h i p  d e s i g n s h ive  been built a n d  t e s t e d  a t  t h e ’

Ce-nt er in recent v ec ir s  . I n  p a r t i c u la r  w a v e —  i n d u c e d  no t  l o t s  and loads have-

he-en mea sur ed on SWATH I - SW .\TH -~~ , and SWATH ( : V A  ( a t  t a c k  ii r r a f t  c a r r  i e r

m o d e l s , m d  t ile results of  t h e - s e -  m o d e - I e x p e r i m e n t  - h a v e  n c i t u i r a  I l v  he -e n the-

su h j  -
~ t a t  ox t ens i ye ana I vs is and c- o mp ci  r i son w i t h  t he t h e o r e t i c a l  l a i d  a n d

mo t i o n  p r e d i c t i o n s .  A c o m p i l a t i o n  at  l i i i 1 — s c - a l e  ge o m e t r i c  c i s i r a c t e r i s t  i c s

a t  t lie p re -v  i oil s l v  d c - s c  r i bed mode- I —c s s l awn  i n  T a b l e - - *

h i A l l  c\( K A I RCRAFI CARR I h -R

L i c e -  m o s t  c a m p  r e - h e n s  ly e  se -i  it  I -  xp e -r  im e n t a  1 l a i d  i ng d,m t a tar .m SWA I l l

shi p was o b ta  m e d  t a r  .i p r o p o s e d SWA lb ( - V A ;  s e e  R e f e r e n c e 2 .  l i i i ’  .im p l  i t  t ide

m d  p c c m - o -  of  t h e -  w a v e - — i n d u c e d  b u m d s  a c t  i ng  an the ship c r a — c s h e im t o g e t he r

w i t h  t he’ ship m at  ions were- m e a s u r e d  over a r an g e  -f  s peeds  and w a v e - l ie - p c i —

i n g s .  h i t  t h e a re t  j c p l  l oa d  p r e d i c t i o n  ( h - q t c a t i o n s  ( 1 9 )  t h r ou g h ( 2 1 ) )  h a — .

h e - p - n  i p p i  i e d  i c )  SWA I FI ( V A  I or  t h e -  ze ro—speed , b e a m — w a v e ’  c c i n d i t i a n .  t h e

I mp I it a l e -  end  p h a s e - i t  t i m e- t r a n s v e r — c i -  b e n d i n g  momen t I V 0 ~I , t r In sv e r se I a P i  C’

I F , m d  -- . - r t  i~~~i l  - ;h e ;m r  t a r e- VS C c i  i n g  m i d p o i n t  a t  t h e -  cr - s - ~h e us i r e - s i c - wit

I n  F i ,~I I r e - - - 2 c r so - Iu  1. lhe - iiu ei u ret i c i i  pred i ci  ion is m c i  i c i t  e d  by t l ie

s u c h  Id  L ine ’ . and t he- c i n -  l e s  d e n o t e -  t - x p e r l r n t - n t a l  v c i l i u - s  o h t ~ i n e d t r am R e- I er—

1 11cc  

- — --~~~~ — --  -— —- - 5— - -- --S - - -~~~ -—-- - -r n  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



TABLE 4 - CHARACTERISTICS OF SMALL-WATERP LANE-AREA , TWIN-HULL MODELS

SWATH SWATH SWATHCharacteristic 
CVA 1 4

Model No. 5266 Modcat 1 5287

Scale Ratio 50 40.96 20.4

Length in Feet:
Overall 850 520 287.b
Waterline 751 440 226.7

Draft in Feet 69.5 40.0 28.0

Demihull Beam in Feet:
Waterline 30.42 17.06 8.0
Maximum 70.0 30.72 18.0

Hull Separation in Feet 2 7 9 . 0  8 7 . 5  75.0
C
L 

to C
L

Displacement in Long Tons 101000 22600 39 60

Waterplane Area inc 
23660  13 7db  2 70 0S q u i r e -  Feet  -

Demihull Projected Side 532~ 0 19050 ~-760Area en Square Feet

~~~~~~~~~~~~~~~~~ 3020 877 H2

Ne u t r a i A x i s  H e i g h t  f r o m  33 .0  2 1 . 0
W a t e r l i ne  i n  Fee t  -

V e r t i c a l  C e n t e r  of
Gravit y f r o m  Water— +8.5 0.0  + 1 . 2
l ine In Feet

T ransve r se  GM in Feet  9 2 . 0  87 55 8 0

Heave P e r i o d  T In
H 

1~~.8 10 .0 10.25
Seconds

R o l l  Period t~ In S e c o n d s  2~~. 4h 1 1 . 09 17 . °

2 1
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Two scales  f o r  the  a m p l i t u d e s  of the  loads are  shown . On the  l e f t ,

vertical scale bending moment is n o n d i m e n s i o n a l i z e d  by the  p r o d u c t  of  s h i p

displacement 
~
., and wave amplitude A , and the  t r an sve r se  f o r c e  and vertica l

shear are nondimensionalized by the prc )duct of ship displacement and the

ratio of wave amplitude to ship length. On the right , vertical scale bend-

ing moment is nondimens ionalized by pgA dA , s ideload or t r a n s v e r s e  f o r c e  by

cg A A  and vertical shear by ~~~~~~~ where A~ is the side projected area of

t h e  s u b m e r g e d  p o r t i o n  of t h e  d e m i h u l l , d is the  d i s t a n c e  f r o m  the  n e t u r a l

a x i s  o t  t h e  c r o s s  beam to a p o i n t  at  m i d d r a f t , an d A is t h e  w a t e r p lanc -
wp

area a t  t h e  d em i h u l l .  These n o n d i m e n s l o n a l i z a t l o n s  i m p ly  a cert ain as—u m e- d

t u n c t i o n al  d e p e n d e n c e  of  t h e  loads , the  s ig n i f i c a n c e  a t  w h i c h  w i l l  he d c —

s c r i b e d  s ho r t ly .  A l l  phase s  a r e  s p e c i f i e d  in degrees  r e l a t i v e  to t h e  w i \ e -

c-r e s t  at  t h e  i n c i d e n t — b e a m  wave t r a i n  a t  t h e  c e n t e r l i n e  of  t h e - s h i p .

.-\ 1l ~ f t h e  l oads  shown in  F i g u r e s  2 t h r o ug h 7 i r e -  i i  t h e  m i d p o i n t  a t

t h -  c r o s s b e a m;  i n  l i n e - a r  t t t e - c r y ,  t he maximum b e n d i n g  moment  and s i d c 1~~ m~i

o ccu r  a t  t h i s  p o i n t .  The i c s i d i t i g  a t  o t h e r  p o i n t s  a l o n g  the  c r o s s h e e~ and

s t r u t  w i u l  be d i s c u s s e d  in a l a t e r  s e c ti o n .

The tie -ave and roll mat ions of SWATH (-VA a re -  shown in Fi gu res 8 and -
~~,

r e s p e -c t i v e l . ll e .-~~ve ’ ma t ion  is  n o n d ir n e n s i o na l i z e d  dv wave - a m p l i t u d e - ; t h e -

roll mot i i i, by the vi’ - - sh ape - ( - ).

SWATH

An e xt  ccsive e x p e r i m e n t a l  p r o g r a m  in wt cich s-ave l a n . s  we-r u . - m e - l o c i r e - c I

c i s  a l s o  h e - c - n perform e d on - i  20 . - . — s c a l e mode l . I ) F N S R I ) (  Ma de l 52 87 . desi g—

n a t  -d as S W z e F h l  e .  The r e - s c m  I is a t  this program e r  e p r e - ~~c - n t t d  in R e - I  e - r en c  e

10 and have bee -n used fc ) r c o m p a r i s o n  w i t h  t he  t h e - c i r e t  i c e l  t r an s v e r se - — l a i d

predi ctions.

Fi g u r e  10 -c b i c i w s  t lie ’ t hieo r~ 
- t I c i  I and e x p e r i m e n t  cml v c i  I ue-s c u t t h e  ~m~

) 1 —

ud e- a t  t r a n s v e r s e  bend i n c~ moment cmi the center 01 t h e  crc ssheam t~~ r

SWATH A . The t h e o r e t  i c i i  v a l  u e s  have  been o bt a  i p i e c i  by us i t c  F q c m m i  j u n  ( 2 1  1 -

‘~~Kc m 1 1 1 c c , .1 . A .  and 1 .J .  R i c e - i  , “ Se a war t i t in e s s  ( - b c i r i c t  e r  i st  i cs at  - i  Sm .m l 1
W i t e r p l m n e -  A r e - i Tw i ti Hull (SWATH I V )  P a r t  11 ,

1 ) T N S R I ) (  h ) e - p i r t m e - n t a l  R e - c a r t
SPD— 1~c 2 b — 0 2  (1 9 7 c c )

2/
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T—-insverse and vertical shear forces were not measured. However , t c c c - o r e t —

ical values for these quantities obtained by Equations (19) and (20) are

pre sen t ed  in  Fi g u r e - s  11 and 12. The da t a  have been n o n d i m e n s i o n a l i z e d  in

the  same m a n n e r  cm s t hose  f o r  SWATH CVA . F i g u r e  13 shows the  t h e o r e t i c a l

a m p l i t u d e  of the  t r a n s v e r s e  b e n d i n g  moment  o b t a i n e d  b y E q u a t i o n  (2 1)  a t

three points on the ship section for SWATH 4. The solid line denotes

response  ( b e n d i n g  moment )  at the centerline of the crossbeam ; the dotted 
-c

l ine , t he response  at the  j u n c t u re o f t h e ~rossheam and s t r u t ;  the  b r ok e n

line , the response on the s t r u t  a t  t i m e  w a t e r l i ne .

F i g u r e s  14 t h r o u g h  16 show t h e  r o l l , heave , and sway response- s. re-

s p e c t i v e l y ,  o f SWA T H 4 a t  z e ro speed in be am w a v es .  Heave  and sway m o t i o n

a rc nond i m e n s i o n a l i z e d  by wave a m p l i t u d e ;  r o l l  a n g l e  ( r a d i a n s ) ,  by t h e

r a t i o  of wave  a m p l i t u d e  to h u l l  s e p a r a t i o n  b.  E x p e r i m e n t a l  r e - s u i t s  a r e -

a v a i l a b l e  f r c m  R e f e r e n c e  10 f a r  the  r o l l  and heave- m a t  i o n .  The - ap p ar e n t

d i s c o n t i n u i ty  in time pred i t - t e d sway response  ( F i gure  l t )  is clue to str i ng

coup l ing  f r o m  the  large predicted roll resonance; see F i g u r e  14 .

SWATH I

Load me -~m s u r e m e n t s  were  o b t a i n e d  on an e a r l y  m o de l  of  a SWATH de s i ( -cl ,

des ign a t e d  ‘ SWATH 1. ” In f u l l — s c a l e , SWATH I w o u l d  he i n t e r m e d i a t e -  in

ze- b e t w e e n  SWATH (-VA and SWATH 4 hu t  w i t h  - i sma l i cr  h u l l  se co l  r a t  ion.

Fi g u r e s  17 t h r o u g h 14 show t h e  a m p l i t u d e s  of t i m e  p r e -d l et ed and exp e-r me -nt ii

t r an sv e r s e  b e n d i ng  m o m e n t , t r a n s ve r s e -  f a r c e , acI d ve -r t i~ ml slic e r t o r ~ c it

he midpoint i t  t I ~e crossbeam. Experimental d a t a  t i  ~-u W A i  II 1 I r e -  c i n p u b —

1 i s h e d  - The d a t c m  a g a I n  have -  he-en nond i men s  h a n a  I I zed i n  t h e  m n n n e - r c ic

scrihed for SWATH (-VA .

l a i d —  t r ;e n s  Icr t t ine t ions I or  the thr~- c- SW . TH sh i o~~ 
e I c  bee-n used wit Ii

t h e  P i e r s c c n — M a s k c , w i t z  s p e c t r u m , I a l l o w i n g  t h e - a j c p r c s i e h shown i n  R e t  c r e r i c e s

I and 4. to  o b t a i n  the stat i s t i c i l  l c i id~ i n  i r r e - g e i l i r  he - icc w i v e - - -- . i ce -

si gn i  f i  a nt  amp i i t c i d e s  of t r I i i - ; v - r s e  I c e n c l i n e ’  m om en t , t raclsve r se - t ore en d

v u r t  I c - i l  sla-cm r f~u r - - e . - i t  t he - m i d p o i n t o f  t l ì e c c - _ — _ h e - m i r  sii iwii in F 1 c ~i c i ,  - -

2 0 t h r i c i - g ic 22 as fcinc t loflS of s i g t i i t i c - m t s i ’ - - 1 e - h i t h t  - I 1 e nd in~ m y- ce - a t  i s

n o n d im en s i o n i l i z e - ci by m u l t  . p l ~~ i ng  t i e  c l e m i l i m m i  1 ei~~sp I i c e mu n t by t i m e

‘a rt icci l distanee ’ t ram t h u  n e u t r a l  a x i s  t e e  m i d d m - m t  t d .  l r i c c - - v e - r s e -  f a t e-

e n d  v e r t  1 c m !  sh e - ar  i t -  n a n d i r n e - n — i u ’ c i m l j ; ’ e - 11 by 
-

1(1 
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DISCUSSION OF LOADS ON SMALL—WATERPLANE-AREA , TWIN—HULL SHIPS

The available experimental data generally confirm the validity of the

theoretical prediction for the SWATH hull forms. The transverse bending

momen t and sideload are the more important loads for ship structural re-

quirements and the theory provides very good prediction of these responses.

The theory also provides an adequate prediction of the vertical shear on

the crossbeam although this load is an order of magnitude smaller than the

sideload for SWATH ships.

The essential features of the SWATH loading responses shown in the

pr evious section will now be discussed. Some differences in loading re-

sponses among the three SWATH ships  are no t iceable , and the loads also

exhibit some important differences from the loads determined for conven-

tional catamaran hull forms .

In the formulation of the loads , the bending moment , transverse force ,

and vert ical shear force are resolved into components resulting from the

effects of the incident wave , d if f r a c ted wave , and Inertial and hy drodv-

namic effects of the heave , sway , and roll motion. Furthermore , because

of the  r i gh t — a n d — l e f t  symmetry  of the  ship  sec t ion , when loads  are e v a l u —

ated  on the axis  of symm etry ,  i . e. ,  the m i d p o i n t  of the crossbeam , o n l y

certain components contribute to any given load quantity. In particular ,

at the crossbeam midpoint , bending moment arises from the action of hori-

zonta l  f o r ce s  which  are a n t i s y mme t r i c  on the r i g h t  and l e f t  h u l l s , and

ver ti cal fo rces  wh ich are s y m m e t r i c .  The t r a n s v e r s e  f o r c e  a r is e s  f r o m

a n t i s y mm e t r i c  h o r i z o n t a l  fo rces , and the v e r t i c a l  shear  a r i se s  f r o m  a n t i —

symm e t r i c  v e r t i c a l  f o r c e s ;  see E q u a t i o n s  (19) t h r o u g h ( 2 1 ) .  Heav ing  n o t i o n

produces  symmet r i c  vertical inertial and hydrodynamic forces and , there-

f o r e , c o n t r i b u t e s  to the  bend ing  moment and t r ansve rse  f o r c e .  R o l l  and

sway m o t i o n  p roduce  a n t i s y mi ne t r i c  v e r t i c a l  f o r c es  on the  h u l l  and c c ’n t r i —

hute to the vertical shear. The wave—exciting and d iffr action components

c o n t a i n  both symmetric amid antisynnnetric parts so that th e ’ s y m m e t r i c  (e e-n ~

p a r t  c o n t r i b u t e s  to b e n d i n g  moment  and t r a n s v e r s e  f a r c e , and t h e  an t l s v i n —

metric (odd) part contributes to the vertical sh m - m r ;  st-c ’ Table - I and

Equa t i o n s  (19)  t h r o u g h ( 2 1 ) .

I?

_____________________ 
-~~ - - - -



~~~~~~~~~~~~ 
_ _ _ _ _ _ _ _  

5 - ~~~--  -- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ::~~~ 
-
~~~~~

When loads are computed at points off the ship centerline——along the

crossbeam and strut——the problem no longer is symmetric , and all components

beg in to influence the total load quantities. The theory is formulated ,

however , so that off—centerline loads can be computed from the centerline

loads and additional contributions due to the mass of the crossbeam and

strut; see Table 3.

The most prominent feature of the bending moment and transverse—force

responses of SWATH ships shown in Figures 2 and 4 is the large peak occurr-

ing at w a v e l e n g t h s  r o u g h l y  t h r ee  to f o u r  t i m e s  the maximum o v e r a l l  b eam.

This  peak is assoc ia ted  w i t h  the w a v e — d i f f r a c t i o n  c o n t r i b u t i o n , a p u r e l y

dynamic effect , and would not be predicted by simpler theories based on a

“stat ic ” approach. Figure 23 shows the midpoint bending moment for SWATH

CVA resolved i n t o  componen t s  a r i s i n g  f r o m  incident wave , diffracted wave ,

and heave m o t i o n .  The large e f f e c t  of wave d i f f r a c t i o n  is a p p a r e n t .  As

previously mentioned heave is the on ly  mot ion c o n t r i b u t i n g  to the  m i d p o i n t

bend ing moment; its effect is small , p a r t i c u l a r ly  in t h e  reg io n of pea k

bending moment. Generall y,  the wave diffraction is the p m - l r n m r v  c om p o n e n t

of the bending moment and t ransverse force for SWATH ships. B~- c on tr a—t ,

the incident wave , d if f r act ed wave , and heave motion all provide r c i u g l m l v

equa l contributions to the bending moment for conven t iona l  ca t amaran  h u l l

forms ; see R e f e r e n c e  3. Figures 8 and 9 show the heave and r o l l  m o t i o n  of

SWATH CVA ; i t  is noted t h a t  the l a rge  ro l l  resonance  at  low f r e q u e n c y  has

v i r t u a l l y  no i n f l u e n c e  on the  m i d p o i n t  bend ing  moment , as e x p e c t e d .  The

t h e o r y  p r e d i c t s , however , t h a t  r o l l  mo t ion  should  contribute to the verti-

cal shear force , and the small peak in the vertical shear re sponses te)r all

SWATH ships occurs a t  the roll resonant frequency. This Influenc e is con-

firmed by the experimental data; see Fi gures 6 and 19.

The bending—moment and tran sverse—fc crce resu1t~ obtained tor SWATH I

(Figures 17 and 18) are  somewhat  p e c u l i a r  in  t h a t  t h e  r e spons e s m o r e  c 1os&- 1~’

resemble  c o n v e n t i o n a l  c a t a m a r a n  h u l l s  than  SWA I II 1VA mod SWATH -~~ . T h i s  i s

p r o b a b l y  due to t h e  r e l a t i v e  1 v close h c m l  1 se - p a r i t  i o n  of SWATH 1 . rice- sh a r p

peak a t  ~/B~~~3 in ti l e- t heoret ical re-s ti lts is thy result c u t  mit - x . i g g e - r i t e e t

heave resonance c i i i s e d  by  i nsu f  f t c  ient damping i n  t h e  m at  ion pr edicti on.

38
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It is noted that the bending moment and transverse—force responses for

SWATH ships have almost identical shapes. This suggests that the bending

moment for SWATH ships is pr imar i l y a result of the action of horizontal
forces applied on the hulls with some equivalent vertical moment arm . In-

deed , both theoretical and experimental results indicate that for the

narrow—beam , large—draf t , SWATH demihulls, horizon tal forces are an order

of magnitude larger than vertical forces , par ticular ly at the shorter wave-
lengths . At shorter wavelengths (near the peak), the horizontal forces

(sideload ) provide the major source of bending moment , while at longer

wavelengths bending moment is more evenly distributed between the action

of vertical and horizontal forces.

When the bending—moment response is divided by the corresponding side—

load response , at short wavelengths a length roe’ghly eq ual to the half
draft plus the distance from the waterline to the neutral axis of the cross-

beam (H/2+h ) is obtained for the equivalent vertical moment arm. Thus ,

near the wavelength producing maximum bending moment on the crossbeam , the

bending moment may be regarded as a resul t of the sideload acting roughly

at the half draft. The sideload per unit of ship length is also roughly

proportional to ship draft; therefore , in three dimensions it is expected

that this force is proportional to the side—projected area presented by

t he  submerg~ d portion of the demihull .

~cndimensionalizing the sideload by ogA A  and bending moment b y

4 gA (H/7+h )A may therefore be expected to collapse these load quantities

f o r  d i i  er en t  SWATH ships in to  app rox ima te ly  a sing le curve in the  wave-

lengr i r eg ion  in which  bending moments are maximum . Sideload and b e n d i n g

mom~’ne , nondimensionalized by the previously described respective quanti-

t ies are indicated on the right—hand scales in the presented data.

As prev iou sly men t ioned the ver tical shear fo rce  is an order  o f

magnitude smaller than the sideload , except at long wavelengths. The

vertical shear Is nondimensionalized by pgA A , where A is the d emih cmll
wp wp

wa terp lane area.

In the theoretical formulation , the loads at arbitrar y locatIons along

the crossbeam and strut are determined front a knowledge of mIdp oint loads.

40
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Th is method is used because midpoint loads exhibit a certalo simpl icit .

due to the symmetry of the forces involved. In particular , at the cross-

beam midpoint , only heave motion contributes to bending and transverse

f o r c e - , while sway and roll contribute to the vertical shear. This elfec

is verified by the experimental data shown for SWATH ships.

At points off midpoint of the ship, it is expected that all modes of

motion begin to affect the loads. As an example that is typical of SWATH

~-ehi .- lc - s, t i c - - bending—moment response for SWATH 6 is shown in Fi gure- 13

at t h e  cro- ;sht -am midpoint , crossbeam strut juncture , and strut at the

v a t  or 1

-\t the  m i d p o i n t , the  peak due to wave diffraction is evident at

A / B m~~
4
~ 

and t h e  bending moment decreases to  zero in lan~ ~~cVcs . I t iS

n o t e d  t h a t  the roll resonance occurring at ~/ B  17 has no e f f e c t  on t h e -
m

me u me n t  i t  m i d p o i nt .  - ( T h i s  e f f e c t  I s  v e r i f i e d  by e x p e - r  i m e - n t a l  d a t a  ~i s n o t t .-d

in Fi g u r e  2 f o r  SWATH CVA . ) M a v i i t~ a i on~ the cro ssle- -mm to th e -  j u n c t u r e

with the strut , a se - ndarv peak due to roll notion occurs at t h e  r a i l

tO S O f l eO L frequency, w i t h  the primary peak almost unaffected. On the strut ,

the moment is reduced; however , the secondary peak remains unchanged.

A l t i e a u ~ the pc-ak bend  in s  momen t  is g r e a t e s t  i t th e m i d p o i n t , the a p p e a r —

- n ice  cf  t o e -  ~~C ord a r- p e ak  a t  o t h e r  l o c a ti o n s  on t h e  c r o s s be am means  that

in i r r e g u l a r  wav e s  t h e  -~t i t i s t i c a 1  a m p l i t u d e  of  t h e  b e n d i n g  m o m e n t  co~i l d

he sli ght. I v  greater -lv i - f r o m  m i d p o i n t , i t  t h e  r o l l  r e s o n a n t  f r e q u e n c y

w e r e  i n  t h e  v i c i n i t y  ot  t ha p u - a k  of  t h e  w . m v e -  spe c t rum .

C O N P I t S  I O N S

1. A : - rv  ~~~ r e -di et i c~~ w a v e — i n d u c e d  t . r m n c~- c - r s -  b e n d i n g  m o m e n t

transverse t c r ce  ( s i d e -  - - m d  , and art ical shear cu r u e - on the crossbeam and

strut 01 SWATH s h i p s  w i t h  / e r c ’ f a ~ w a r  I s pee d  i n  he -am waves h a s  bee-n de v e l—

oped.  The g c u co eg r - - n eut h ecu wc e-n 1 - m d  predict ions and ava ilable experi-

me ntal d a t i con~ I r m s  t h e  b a s i c  v,i l j e I i t v  ot  t h e  t oe c re t ical formulat i o n .

2. Due t c  t h e  larg e - cira: . i n i s e l l  he - em t SW A T H  d e m i h e m i l s , p ’ e —

d i - - t  io n ami d  m d e - 1 — t -- - t r e -i - om its show t h . m t  h c r l - n t a l l v  a c t i n g  l u m d s  i r e  an

_ _  --~~~~~~~ -5 —-- -~~~~~~~~~~ _ _ _ _ _
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order of magnitude larger than vertically acting loads . The transverse

bend ing moment acting on the crossbeam is primarily a result of the side—

load acting at a point near m iddraft .

3. The most prominent feature of time sideload and bending—moment re—

spuun sos on the crossbeam is a large peak , due to wave diffraction , occurr-

ing at a wavelength roughly three to four t imes the maximum overall beam

of  t h e  , t i  -

~~~. rh~ peak bending moment in regular waves is maximum at the midpoint

of  the crcssh eam and is in general larger for SWATH shi ps than for conven—

tion~ii c it amarans

2 < 
Amp litude of peak bending moment

A
2 
A

where  
~ 2 

is the displacement of the twin hulls and A is the wave amp litude .

However , because of the sharpness of the peak , the bending moment in irreg-

u l a r  waves for both SWATH and conventional twin—hull forms is roughl y of

the same magnitude

Significant amplitude of bending moment
A
1
d 

.

where 
~ 

is the displacement of one h u ll , and d is  the  v e r t i c a l  hei gh t  f r o m

the middra ft p a i n t  to  the neutr al axis of the crossbeam.
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1 157 6

2 H v d r o n au t l c s
I L i b r a r y  1 1805
1 Oceanic s

30 5 2 1 4 . 1  R e p o r t s  D i s t r i b u t i  ‘n
2 Lockheed , Sunnyvale 1 522.1 U n c l a s s  L i b r a r y  ( I . )

1 Potash 1 5 2 2 . 2  i n c  l a s s  L i b r a r y  ( A )
1 C h u n g

1 M a r i t I m e  Res I n f o  S e r v i c e

1 - N c ’w p c ’r t  Ne -ws S h ip b u i l d i n g / L i h

I R o b e r t  T a g gar t

1 Sp e r r y  R a n d / T e c h  I .ib

I Sun S h i p b u i l di n g/ C h i e f
N a v a l  Arch.

(iNTUR DISTRIBUTION

C o p i e s  (ce d e

1 1 1 7  H a w k i n s
1 117 Stevens
1 117 Icue mb
1 11 7 M e y e r

1 1502
1 1 506
2 1507
j 

~
1 112
1 15 2 1
2 1 )~’-~
2 1 5 3 2
1 15 4
I 1m - ~ 4
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DTNSRDC ISSUES THREE TYPES OF REPORTS

(I) DTNSROC REPORTS. A FORMAL SERIES PUBLISHING INFORMATION OF
PERMANENT TECHNICA L VALUE . DESIGNATED BY A SERIAL REPORT NUMBER.

(2) DEPARTMENTAL REPORTS. A SEMIFORMAL SERIES. RECORDING INFORMA
lION OF A PRELIMINARY OR TEMPORARY NATURE , OR OF LIMITED INTEREST OR
SIGNIF ICANCE. CARRYING A DEPARTMENTA L ALPHANUME R IC IDENTIP ICAT ION.

(3) TECHNICAL MEMORANDA . AN INFORMAL SERIES, USUALLY INTERNAL
WORKING PAPERS OR DIRECT REPORTS TO SPONSORS. 1VUMRERED AS TM SERIES
REPORTS; NOT FOR GENERAL DISTRIBUTION.
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