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Abstract: The hydrodynam ic surge and sw ay forces and yaw  m om ent on a  m oored ship induced by a another 
ship moving near and parallel to it are estimated. The results are com pared w’ith the values obtained by 
experiments carried out in  the T ow ing tank for m anoeuvres in shallow  w ater (co-operation Flanders H ydraulics -  
Ghent University) in Antwerp. Subsequently, equations o f  m otion o f  the moored ship are solved to  determ ine the 
loads on the m ooring ropes. The effect o f  underw ater form o f  the ships on the forces is also discussed.

1,IN TRODUCTION

A  moored ship is subject to  m any external influences 
from the environment. The je tty  and m ooring system 
must be designed to keep the resultant displacem ent 
o f  the ship within the  lim its o f  operational 
requirements and to  keep the m ooring line loads at an 
acceptable level. The forces on the  m oored ship have 
impacts on cargo handling operations, m ooring and 
fender systems and safety o f  people on board. In 
marine terminals and harbours, ships operate in close 
proximity resulting in im parting o f  forces and 
moments to both m oored and m oving ships. This 
hydrodynamic interaction effect is less on the moving 
ship and, moreover, this ship is under the helms 
control where a disturbance can be effectively 
counteracted.

The hydrodynam ic forces o f  prim e considerations 
coming on the moored ship due to  the proxim ity o f  a 
moving ship are the surge, sway and yaw 
components. Even though the sw ay force is much 
larger than the  surge force, the effect o f  surge very 
often causes exceedingly high loading in mooring 
lines, due to much low er dam ping in surge mode. 
Hence it requires more attention  in  the design o f 
m ooring systems to  keep the loads w ithin perm issible 
limits. The design and operation estim ates o f  the 
mooring and fender system s, preferably in the early 
design stages, help to  assess the operational 
limitations and also can lead to  an optimal system 
design. A reliable m athem atical model representing 
the motion o f  the m oored body will certainly enable 
the designer to  try  for various m ooring systems.

The nature o f  the scenario in w hich the  interaction 
takes place is very varied. The severity o f 
consequences o f  the interaction depends on

* Speed o f  the passing ship
* Size and underw ater form o f  vessels
* Separation distance betw een vessels
* W ater depth o f  the  region
* M ooring arrangem ent
* Material and type o f  construction o f  m ooring ropes

Increase in size and speed o f  new  generation cargo 
and passenger vessels and the growth o f  traffic 
density envisage the im portance o f  a clear 
understanding o f  hydrodynam ic interaction effects, 
w here a reliable tool to  predict the  consequent forces 
on ships and m ooring/fender system s become 
essential. The transient sway force and yaw  moment 
experienced by  a ship w hen proceeding in the 
proximity o f  other ships in motion have been 
extensively studied by Varyani et al [4] [5]. Further 
extension o f  the w ork to  m oored ship case and its 
eventuality on the m ooring ropes have been 
ascertained in the w ork carried out by Varyani and 
K rishnankutty [6]. Experim ental studies o f  Remery
[1] and V antorre et al. [7] [8] reveals the effect o f  the 
size o f  the passing vessels and the separation 
distances on the interaction forces and m om ents on a 
moored vessel for different w ater depths.

There are very few  sem i-em pirical approaches, 
resulting in the estim ation o f  the tim e histories o f  the 
forces and m om ents in the horizontal plane due to 
interaction w ith  another ship as a function o f 
geom etry, speeds and environm ental parameters. 
Com prehensive tests w ith ship m odels o f  both equal 
and different length in overtaking and encountering 
manoeuvre are described in [7] and [8]. W ang [14] 
estim ated the hydrodynam ic forces and m om ent on a 
m oored ship resulting from  the passing o f  another 
ship at various separation distances, w ater depths and
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passing ship sizes, using slender body  theory. The 
hydrodynam ic interaction problem  between moored 
and passing ships was studied by  K rishnankutty [10]
[11] using the slender body theory w ith singularity 
distribution technique for the com putation o f  forces 
in surge and sway modes and yaw  m om ent acting on 
moored vessel. W ith an aim  to  consider the cross­
coupling effects betw een different motions o f  interest, 
Dand [2] [3] used a num erical technique to solve the 
coupled equations o f  motion in surge, sw ay and yaw 
modes. The behaviour o f  the ship  w as deduced from 
a solution o f  the appropriate equations o f  motion 
with the exciting forces and m om ent for those 
motions deduced from m easurem ents m ade on 
rigidly moored models.
The approach stage o f  the initial transient is most 
critical for the  purpose o f  navigational safety. Yeung
[12] and Yeung and Tan [13] explained that this is 
because the ship is subject to  an attraction force 
towards a fixed object (m oored ship) and at the same 
tim e is subjected to a "bow-in" turning moment. In 
these circumstances an unconstrained ship w ith zero 
rudder angle w ould tend to  head into the fixed object. 
The speed and separation distance lim its o f  a  passing 
ship can be regulated by  know ing the movem ent 
limitations o f  the berthed ship , be due to the 
restriction imposed for cargo handling facilities. For 
berthed tankers, the  cargo handling  m anifolds allow  a 
maximum m ovem ent o f  only ±  3 .0m  in surge and 3m 
in sway, OCIM F [9], and for berthed container ships 
the movements are to be m ore restricted due to  the 
limited reach o f  the cranes.

using a  slender body theory w ith the following 
assumptions.

T he transverse dim ensions o f  the ships 
(beam  and draft) are quite sm all compared 
to its length
T he passing ship m oves at a constant speed 
and is parallel to the m oored ship 
T he fluid is inviscid and incom pressible, the 
flow  is irrotational

T he disturbances at the  free surface are 
neglected (treated as a  rigid boundary)

The co-ordinate (xm, y m, z j  is fixed in the moored 
ship and (xp, yp, zp)  is fixed in the passing ship (F ig .l). 
Param eters with suffices m  and  p ,  respectively, refer 
to those related to the m oored and passing ships.

X U  =  0

Fig. 1: Co-ordinate System  in M oored-M oving Ships

Studies have revealed that underw ater form o f  the 
ships has substantial influence on  the  hydrodynam ic 
interaction forces, predom inantly  in sw ay and yaw 
components [6]. In the present paper the loads acting 
on a moored container ship due  to the passage o f  a 
bulk carrier at different lateral positions are 
computed based on a theoretical formulation, which 
uses slender body assum ptions and employs 
singularity distribution technique. Idealised 
distribution o f  ship sectional area for both the 
moored and passing ships are generally used as a 
user-handy m ethod, bu t the  studies here also consider 
the actual ship form  in place. Subsequently, the 
solution o f  the equations o f  m otion give a good idea 
about the m oored ship m otion due to the 
hydrodynamic interaction induced by  the passage o f  
another ship in its proxim ity and the  consequent 
mooring line forces. C om parison o f  the present 
numerical values with m easured and estim ated values 
shows that the present m ethod is reliable for 
prelim inary engineering estim ate o f  the loads on a 
moored vessel induced by a passing ship and the 
loads on the m ooring ropes.

2.INTERACTION FORCES

The hydrodynam ic interaction problem  between a 
moored ship and the passing ship  are formulated here

In addition to the governing (Laplace) equation 
applied to the fluid dom ain, the following boundary 
conditions are in order

d(¡>

d n „
=  0  on m oored ship

Of¡> T f ô x p .
=  U   on passing ship

d n d n .

(2 . 1)

(2 .2 )

The velocity potential due to the passing ship with 
reference to a fixed co-ordinate system  (x.y.z), 
W ang(1975), is

U  r  S J x J p c - x - Q
, . A

,  ,  >. U  f  ^ p \  p ' y  p  h J

t r(x ,y ,z )= -~  ^  w j,

(2.3)

where Sp and U  are the m id-ship section area and 
speed o f  the passing ship, q  and rj are the stagger and 
lateral separation distances betw een the two ships.

T he velocity com ponents o f  the flow along the 
m oored ship induced by  the passing ship are derived

R C -33-2



from Eq.(2.3). The interaction potential in the 
unsteady Bernoulli equation gives the pressure 
distribution and integration o f  th is  pressure over the 
surface gives the net forces on the  moored ship.

Assum ing zero underw ater sectional area at the ends 
o f  the moored ship, w e get the sw ay and surge forces 
as

s 'P(x P)(x p - x m + ®
d x pdxm

|1.5 P

(2.4)

J e w  b — ^  ; A cK
K  ’ LpÏ Xp - Xn>+ £ ) +rf \

(2.5)
K,

The yaw  m om ent obtained from  the slender body 
theory, W ang, is

n  J

l { ( x p - x m + Ç ) 2 + t i 2 l
-dxdx„

5 P  "i

(2-6)

71 "=-* K,

f S p  ( XP )  j  jb ----------------------— 1---------------- ^ r d x j x , ,
a x - x m + t f + T i 2 + 4 n 2h 2p  p  m

1 .5  p  ™

(2.9)

where Sm is the m id-ship section area o f  the moored 
ship, Sm ' and  Sp ’ are the  sectional area slopes o f  the 
m oored and passing ships, n is the num ber o f  images.

N on-dim ensional Factors

The forces and m om ents are non-dim ensionalised as 
follows

Y ' -

N'=

Á V S J l J

Y

P p S J L j  

N

pLm{ U S J L j

( 2 . 1 0 )

(2 .11)

(2 . 12 )

The above equations are for the deepw ater case. 
W hen the w ater depth becom es less than twice the 
draft o f  the ship, the shallow  w ater effect has to be 
considered. The bottom  condition for an assumed 
constant w ater depth o f  - h  is represented by 

d<¡>¡dz- 0  . By m ethod o f  im age the interaction 
forces and m om ent can be w ritten  as

2 co

2?r ,

f +  d x d x
h * , - x m + t f W + * n ' h ' Y

.5  p m

(2.7)

Y(H,n,2)=£YdL jr jX(x.)
f t  H=-oe in=-<x i

S p ( x p )

l ï x p - X ' . + t f + r f + t ó h 2 ) -
- d x d x „

5  p m

(2.8)

Parabolic Sectional A rea Distribution

Sectional area and its slope for both the ships are 
given by the formula

S i ( x i)  =  S j { l - ( 2 x i / L i ) 2 } for i = m,p
(2.13)

S](x,) = -8S¡X¡ IL) for i = m,p

(2.14)

Num erical Examples -  Interaction Forces

Remery [1] carried out m odel tests to  study the 
phenom ena occurring w ith a moored ship during the 
passage o f  another ship. The tests w ere perform ed by 
varying the size and speed o f  the passing ships, at a 
w ater depth o f  1.15 tim es the draft o f  the moored 
vessel and w ith the ship m oored parallel to the 
passing ship. The experim ental results obtained for 
the forces and m om ent acting on the moored ship 
(257 m  long) due to the passage o f  another ship (302 
m long) are used for a  com parison w ith the present 
method. As the details o f  the  ship geometries are 
unknow n, the underw ater sectional area distribution 
has been taken as parabolic (ideal) based on 
Eq.(2,13), for the purpose o f  present study. A  mid­
ship section area coefficient o f  0.99 has been chosen
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for the estim ation o f  the section area at that section 
which is needed for use in this equation. As another 
option, to get the feei o f  influence o f  sh ip’s fonn 
(real) on the interactive forces and m om ent, the 
geometry o f  a bulk carrier o f  175 m  long, having the 
same Cb value as the moored ship , has been scaled 
up to 257m  to represent the m oored ship and up to 
302 m  to represent the m oving ship.

The experimental results for a lateral separation 
distance o f  30m in a w ater depth o f  1.15 tim es the 
moored ship draft are presented in non-dimensional 
form in Figs.2, 3 &  4. The surge force obtained by 
the present m ethod, both ideal and real cases, agrees 
well w ith the experimental values in all the 
separation distances. The sw ay force deviates by 
about 50% in ideal case w hen compared to the 
experimental values, bu t the  trend is fairly good and 
there is no phase shift. T he  values improved 
substantially for the real form  case w hen compared to 
the values obtained using the  idealised form 
(parabolic sectional area distribution). The sectional 
area slope, representing the  flow  velocity around the 
ship, is higher in the real fo n n  case and as the 
experiments are done for the real ship m odels these 
values are more appropriate. B oth the present theory 
and Remery’s experim ent values for yaw  mom ents 
have a fairly good trend and agreem ent.

■Theory (P'«s»m4d«al) 
•Theory (Presen weal) 
Expt(Remary)_______

■i»

S í '

Fig. 2. Surge force on m oored ship (Lm=257m ) d ue  to 

passing ship (Lp=302m, r |= 3 0 m , h/T= 1.15, S T ’=2 
ST/(Lra+Lp), ST=Ç; X , Y  and  N  are non- 
dim ensionalised based on E qs.2 .10  to 2.12)

j-------------------------wo—
ISO

¡ Bow turning tow ards moving ship 10.0
Thoory |P rasanM d«al| i / -T heory  (Presont-resO | 

- - - E io U R o m n r v l  {

Æ  50 J r \
Is -2.0 1 .5 -1.0 \\o.5 0 0.5 \\ ’-5 2.0 2Ï

j Storn turning tow ards 1 0 
moving ship \ j

\ / - i s °

i------------ ——........-"“»gOtO-........... .......... ... .................— ™ J

Fig. 4. Yaw moment on moored ship (Lm=257rn) due to 
passing ship (Lp=302m, rp30m , h/T=1.15)

Subsequently, the hydrodynam ic interaction effects 
on a m oored container ship due to  the passage o f  a 
bulk carrier (particulars o f  both  the ships are given in 
Table 1 below ) are studied. The theoretical and 
experimental values o f  surge force, sw ay force and 
yaw  m om ent acting on the container ship for a  water- 
depth to ship-draft ratio (h/T) o f  1.1, separation- 
distance to ship-length ratio (r\/L,„) o f  0.167 and 
passing ship speed (U) o f  4 .0  knots are shown in Figs. 
5 to 7. S im ilar representation for r|/Lm=0.20 (Figs. 8 
to 10), r\/L,„=0.265 (Figs. 11 to 13) and q/Z.,„=0.40 
(Figs. 14 to 16) are also show n below. The model 
tests were carried out at scale 1/75 in the Towing lank 
fo r  m anoeuvres in shallow  w ater  (co-operation 
Flanders H ydraulics -  G hent U niversity) in Antwerp, 
Belgium.

Table 1. Particulars o f  m oored and passing ships

M oored Ship Passing Ship

Ship Type C ontainer Ship B ulk Carrier
Length (m) 289.804 298.828
Breadth (m) 40.252 37.969
D raft (m) 13.500 13.500
CB 0.5804 0.8361

100 0 -

s r

Fig.3. Sway force on moored ship (L„,=257m) due to 
passing ship (Lp=302m, r|=30m, h/T= 1. 15)

sr

Fig. 5. Surge force on m oored con tainer ship (h/T=1.10, 

T |/L = 0 .167, U =4 knots, l y U y O .S p lP B .T )
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Fig-6- Sway force on moored container ship (h/T= F ig . j 0. Y aw  m om ent on moored container ship
1.10, T)/Lm=0.167, U=4 knots, F/=F,/0.5pU  B,T,) (h/T=1.10, r,/Lm=0.2 , U=4 knots)
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Fig.7. Yaw moment on moored container ship (h/T= Fig. 11. Surge force on m oored container ship
1.10, r)/Lm=0.167, U=4 knots, (h/T =1.1, r|/L m=0.265, U =4 knots)
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Fig.8. Surge force on m oored container ship Fig. 12. Sw ay force on m oored container ship
(h /T = l. 10, r]/Lm=0.20, U =4 knots) (h/T=1.10, iy L m=0.265, U =4 knots)
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Fig.9. Sw ay force on m oored container ship Fjg. 13. Y aw  m om ent on m oored container ship
(h/T=1.10, r)/Lm=0.20, U =4 knots) (h/T=1.10, ri/L m=0.265, U =4 knots)
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assum ptions enable one to  treat the m ooring system 
reaction in both directions independently.

Fig. 14. Surge force on moored container ship 
(h /T = l. 1, r|/L m=0.4, U =4 knots)

0 .5 *
0 .4 -

o t?
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-2 .0  -1 .5  * st ä g r ^  -0 ¿  -0 .10

X /  0 2

0  o V - í í ÍT f B̂ T 5  2.0

V

Fig. 15. Sway force on m oored container ship 
(h /T = l. 1, r |/L m=0.4, U =4 knots)
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Í
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^  \/
stem lines

\
head lines

Fig. 16. Yaw moment on m oored container ship 
(h/T=1.10, r|/L m=0.4, U =4 knots)

The theoretical values follow  alm ost the sam e trend 
as the experimental ones, bu t the  magnitude o f  the 
forces and m om ent are m ore in the later case. 
Viscous property o f  w ater and  the consequent 
boundary layer fonnation around both the ships and 
the surrounding boundaries, including the bottom 
boundary, are not considered in the theory. The 
underestim ate o f  the forces and  m om ent by the 
theory can be attributed to  the above reason, as the 
effect is more at overlap positions likely to have 
more flow  variation.

3, M OORING LIN E FO RC E ANALYSIS

The motions o f  m oored vessels under the influence 
o f  an external force, such as the  one induced by  a 
passing ship, can be determ ined from  the solution o f  
the equation o f  motion. Fig. 17 show s the 
conventional m ooring rig  layout o f  a ship. To 
simplify the calculation, this arrangem ent is idealised 
to heading/stem lines and the breast lines, which are 
treated parallel and perpendicular to the centreline o f  
the moored ship alw ays (Fig. 18). All the ropes in the 
direction o f  x (or y )  are considered o f  the  sam e length, 
tension, material, size and construction. These

Fig. 18: M ooring System A rrangem ent (Idealised for 
Analysis)

Considering the system  as a  spring-m ass one with 
damping, it being oscillatory in nature, the equation 
o f  motion in x-direction can be w ritten as

(i ~ x dx
X(t) =  (m + m'x) ^ r  + D x- + k xx  (3.1)

w here k x -  a bd ¿n r / S x  , X (t) is the interaction 

force in surge m ode as  a  function o f  time t ,  m  is the 
m ass o f  the m oored ship, mx ’ is the added m ass o f  the 
moored ship in surge, x  is the displacem ent o f  the 
moored ship along its axis, Dx is the damping 
coefficient in longitudinal m otion, k ,  is the rope 
spring constant, is the  breaking load o f  the rope, d  
is the rope diam eter, n , is the num ber o f  ropes and &  
is elongation o f  the stem /head lines.

By know ing all the coefficients and force, the  above 
differential equation can be solved for the moored 
ship’s longitudinal displacem ent x. The m ooring rope 
force can be obtained by  taking the product o f  the 
rope (spring) constant kx and x . D am ping term in the 
equation is usually very small. T hat is, the oscillation 
in x-direction keeps on  continuing for a longer time. 
But, the im portance here is am plitude o f  the force 
rather than the period o f  dam ping out.

bow breast

Fig.17: M ooring System A rrangem ent (Conventional 
Type)

stem spring
i l » ,  bow spring

stem
lines stern breast

R C -33-6



;  JfcM ARSIM '03
Mi l "  S I  H  0 3 /  K a n a z a w a , J a p a n ,  A u g u s t,25 -28,20 03

W hile considering the generation o f  the equation o f 
motion in y-direction (ie., w ith  the breast lines in 
mind), the contributions com ing from both sway and 
yaw motions m ust be included. The form ulations o f 
the equation o f  m otion are dealt w ith independently 
and w hile estim ating the b reast line forces, the 
resultant effect o f  sway and yaw  displacem ents are 
considered.

Y ( t )  =  (m  +  m ; ) ^ f + D , ^  +  k ï y

(3.2)

(3.3)

where

D v = D y l \  k y -  G bd ~ n r / <5y k f  =  k y l¡

Solution o f  Eq.(3.2) and (3.3) g ive, respectively, the 
sway (y) and yaw  displacem ents ( i//). The resultant 
linear displacem ents o f  the sh ip  at the position o f 
stem  and bow breast lines are given by Eqs.(3.4) and
(3.5) below

y s = y + l bV/ l  2
(3.4)

y h = y ~ lh V i  2
(3-5)

where Y(t) and N(t) are the interaction sway force and 
yaw  moment as a function o f  tim e t, Iv  is the mass 
mom ent o f  inertia o f  the m oored ship about z-axis, 
my ' is the added m ass o f  the m oored ship in sway, l v ’ 
is the added mass m om ent o f  inertia o f  the ship about 
z-axis, y  and are the displacem ent o f  the moored 
ship sway and yaw, D y and D v  are the damping 
coefficient in sway and yaw  m odes, ky and kv are the 
rope spring or restoring constants in sw ay and yaw 
modes, dy  is elongation o f  the breast lines and lh is 
the spacing between stem  and bow  breast lines.

N um erical Examples -  M ooring  Forces

In order to investigate the response o f  a  flexibly 
moored ship to the loads induced by  a passing ship, 
the equations o f  motion show n above need to be 
solved. A knowledge o f  the coefficients in these 
equations, w hich includes the ship  m ass, added mass 
and damping coefficients in  surge and sw ay modes, 
ship mass m om ent o f  inertia, added mass m om ent o f 
inertia and damping coefficients in  yaw  m ode and the 
interaction forces and m om ent, are required for its 
solution. Sim ilar investigation on  m ooring loads o f  a 
ship due to the passage o f  ships w ith different sizes, 
speeds and lateral separation distances can be found 
in [1]. Fig. 19 shows a case o f  it, w here the lateral

m ooring line (rope constant =  1609 kN/m) forces o f  a 
ship (¿,„=257m) due to  the passing o f  a  ship o f 
Lp=302m at a  speed o f  7.0 knots with a separation 
distance o f  30.0m  through a w ater depth o f  1.15 
tim es the moored ship draft are presented. The 
calculated and m easured values o f  R em ery compare 
well w ith the present ones, w here the lateral lines are 
taken as breast lines on either side o f  the mid-ship. In 
athw art-ship direction the oscillation dies out fast due 
to  high dam ping in the sway mode. The excitation 
forces and m om ent used here are the experimental 
values given in Figs.2 to  4. T he values o f  motion 
displacem ents and velocities are taken as zero 
initially (ie. at /=0).

I

Fig. 19. Lateral M ooring L ine Force {Moored Vessel 
- 257m, Passing Vessel - 302m, U =7.0 knots, 
Sp=30m, h/T =l .15, K y  =  1608 kN/m}

The peak m ooring forces o f  the container ship as a 
result o f  the interaction forces and m om ent induced 
by  the passing bulk  carrier (Table 1 gives details o f 
the ships) w hile it operates w ith a speed o f  4 .0  knots 
through a w ater depth o f  1.1 times the draft and 
separated by 0.167 tim es the ship length are shown in 
Fig.20 for longitudinal lines and in Fig.21 for lateral 
lines for a range o f  values o f  rope constants. 
Interaction forces obtained from the present method 
(Figs.5 to 7) are used in the analysis. The mooring 
force increases, reaches a m axim um  and then 
decreases w ith increase in rope constant. Here the 
maximum in longitudinal m ooring force occurs at a 
rope constant o f  about 100 kN /m  and in lateral 
m ooring force at a  rope constant o f  about 400 kN/m. 
Extrem e loadings in the m oorings due to  passing 
ships are expected w hen the apparent period o f  the 
interaction force history approxim ately equals the 
natural period o f  the ship-m oorings system  (here 
T„=208s and 380s in surge and sway mode, 
respectively.) Therefore, the forces experienced by 
soft moorings, such as  synthetic ropes, dues to 
passing ships, w ill be  larger com pared to  stiff 
moorings, such as steel wires. On the other hand, 
external effects w ith higher frequency, such as waves 
and wind fluctuations, w ill cause m ore sever loading 
in s t if f  moorings. The longitudinal rope tension along 
w ith the surge excitation force is plotted in Fig.22 
and the lateral rope tension along w ith the sway 
excitation force in  Fig.23, both for respective 
maximum force rope constant values (100 &  400 
kN/m). The dynam ic response o f  the moored ship 
m ust account for the m ooring force com ing larger
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than the excitation force, w here the amplification is 
more in surge than in sway. The oscillation in lateral 
direction dies out faster than that in longitudinal 
direction, obviously due to  the  higher damping in 
sway mode. The form  o f  the vessels have 
considerable influence on the hydrodynam ic 
interaction sway force and yaw  m om ent [6], which 
implies that the type o f  vessels also matters in the 
analysis o f  the above problems.
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Fig.20. M aximum longitudinal m ooring force against 
rope constant
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Fig.21. M aximum lateral m ooring force against rope 
constant
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Fig.23. Longitudinal forces on the  m oored container 
ship

Extreme loadings in  the m oorings due to  passing 
ships are expected w hen the apparent period o f  the 
interaction force history approxim ately equals the 
natural period o f  the ship-m oorings system.

Therefore, the forces experienced by  soft moorings, 
such as synthetic ropes, due to passing ships, w ill be 
larger com pared to  s tiff m oorings, such as steel wires. 
On the other hand, external effects w ith higher 
frequency, such as w aves and w ind fluctuations, will 
cause more sever loading in s tiff moorings.

4. SU M M A RY  AND CONCLUSION

The hydrodynam ic interaction betw een a  moored 
ship and a m oving ship has been studied, where the 
surge and sw ay forces and yaw  m om ent are 
estimated. The estim ation o f  loads on the ropes o f  a 
m oored container ship due to the hydrodynamic 
interaction effects induced by a passing bulk  carrier 
has been carried out, by  solving the equations o f 
m otion. Com putations have been done for different 
ship com binations and have been compared with 
experimental and o ther numerical results. The 
m ooring system  considered here is a linear one and 
the equations o f  motion are uncoupled. The results 
given here have to  be considered as a prelim inary one 
w hich w ould give a good insight into the estimation 
o f  hydrodynam ic interaction forces on a moored ship 
induced by  a passing ship and also its effect on 
m ooring lines.

The conclusions based on the above studies are 
presented as follows.

1. The character o f  the forces and the moment, 
plotted against the  relative longitudinal 
position, is m ore o r less the sam e for the 
variations in speeds, passing distances and 
w ater depths.

2. The forces and the yaw  m om ent on the 
m oored ship are inversely proportional to 
the w ater depth and the lateral separation 
distance.

3. The form o f  the ships has m ore influence on 
the yaw  m om ent (>50%  for the bulk carriers 
studied here w hen com pared w ith the 
idealised parabolic form ), w here as the 
increase in sw ay force is m ore than 20% and 
the effect on surge force is 5 to 15 %.

4. The studies give a good idea about the 
m oored ship motion due to the 
hydrodynam ic interaction induced by  the 
passage o f  another ship in its proximity and 
the consequent m ooring line forces.

5. T he linear m ooring system  considered here 
predicts a  higher m ooring force than the 
interaction force. The augm entation can be 
due to  the ship m otion dynamics. A  further 
stiffer system  resulted in a low er mooring 
force, w here the excursions are expected to 
be sm all and hence the ship motion 
dynamics.

6. Based on the above conclusion, synthetic 
m ooring ropes -  being less s tiff than steel 
w ires -  m ay experience im portant dynamic
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effects due to  passing  ships. Especially 
when the apparent period o f  the interaction 
is expected to  approach one o f  the natural 
frequencies o f  the ship-m oorings system, 
the expected level o f  the  m ooring line forces 
may be exceeded.

ACK NO W LED GEM EN T

This work was part o f  a project entitled TOHPIC: 
Tools to Optimise High Speed C raft to  Port Interface 
Concepts, which w as carried o u t in partnership with 
SSPA, CETEM AR, D ’A PPOLON IA , SINDEL, 
M ETTLE, AM RIE, GU, IFN, M acG REG OR, 1ST, 
Stena Line, Dublin Port, Port de Barcelona, 
Trasmediterranean and funded by  the European 
Commission (Contract N o.G3RD-CT-2000-00491). 
The authors w ish to record th e ir gratitude to  the 
Commission in extending financial support for 
carrying out the numerical p a rt o f  the  above work 
and to  Dr Peter G rundevik, SSPA, Sweden (co­
ordinator o f  the project), D r Peter O ttoson and Mr 
M ichael Lee-Anderson. The authors w ould also like 
to acknowledge Dr. A. Thavalingam  fo r running 
som e o f  the com puter programs.

[9] O CIM F “G uidelines and Recom m endations for 
the Safe M ooring o f  Large Ships at Piers and Sea 
Islands”, Oil Com panies International M arine Forum, 
London, 1978
[10] P. K rishnankutty “ C om puter Sim ulation o f 

H ydrodynam ic Interaction and M ooring Rig Force 
A nalysis”, M aster’s Thesis, Stevens Institute o f 
Technology, New Jersey, U SA , 1987

[11] P. K rishnankutty “ Hydrodynam ic Interaction 
Forces on a M oored Ship Induced by a Passing Ship”, 
M arine Sym posium , M ay 1997, Bangalore, India, 
1997
[12] R. W. Y eung “ On the  Interaction o f  Slender 
Ships in Shallow W ater”, Journal o f  Fluid M echanics, 
V ol. 85, pp  143- 159,1978
[13] R. W . Y eung and W. T. Tan “Hydrodynamic 
Interaction o f  Ships w ith Fixed O bstacles” , Journal 
o f  Ship Research, Vol. 24, pp 50-59,1980
[14] S. W ang “D ynam ic Effects o f  Ships Passage on 
M oored Vessels”, Journal o f  the W aterways, 
Harbours and Coastal Engineering D ivision, ASCE, 
Vol.101, p247, 1975

A U TH O R ’S BIOGRAPHY

REFERENCES

[1] G. F. M. Remery “M ooring Forces Induced by 
Passing Ships” , Offshore T echnology Conference, 
Houston, Paper 2066, p .351, 1974
[2] I. W. D and “ Sim ulation o f  the B ehaviour o f  a 
M oored Ship when Passed by O ther Ships”, N ational 
Maritime Institute R  111, 1981
[3] I. W. Dand “Som e M easurem ents o f  Interaction 
Between Ship M odels Passing on  Parallel Courses”, 
N ational M aritime Institute R 108, 1981
[4] K. S. Varyani, R. C. M cG regor and P. W old 
“Identification o f  Trends in Extrem es o f  Sway-Yaw 
Interference For Several Ships M eeting In Restricted 
W aters”, Schiffahrts-Verlag H ansa” Vol 49, pp 174- 
191,2002
[5] K. S. Varyani, R. C. M cG regor and P. Wold 
"Empirical Form ula to Predict Peak o f  Force and 
M oments D uring Interactions". 13th International 
Conference on H ydrodynam ics in Ship D esign, 2nd 
International Sym posium  on Ship M anoeuvring. 
Poland, Sept. 1999
[6] K. S. Varyani and P. K rishnankutty 
“Hydrodynamic Interaction B etw een T w o Ships”, 
EU Project TOHPIC, D ocum ent N o 1.3.08.01, M ay 
2 0 0 2 .

[7] M. V antorre, E. V erzhbitskaya and E. Laforce 
“M odel Test Based Form ulations o f  Ship-Ship 
Interaction Forces” , Schiffstechnik Bd.49-2002/Ship 
Technology Research, Vol.49, pp l24-141 , 2002
[8] M. Vantorre, E. Laforce and  E. Verzhbitskaya 
“Model Test B ased Form ulations o f  Ship-Ship 
Interaction Forces for S im ulation Purposes”, IM SF -  
28th Annual General M eeting, G enova, 2001

Kamlesh Varyani is a Senior Lecturer and a Fellow 
o f  the RINA and a  Fellow  o f  the  Institution o f 
Engineers and Shipbuilders in Scotland and a 
Chartered Engineer. Since 1990 he has carried out a 
significant am ount o f  research grant/contract w ork at 
the Hydrodynamics Laboratory o f  The Universities 
o f  G lasgow  and Strathclyde. H is research grants and 
contracts cover the areas o f  seakeeping and 
m anoeuvring applied to  ships and offshore structures. 
H is current research interests include CFD , slamming, 
deck wetness, vortex shedding and model testing o f  
ships and offshore structures. H e has been involved 
in several EPSRC projects, industrial contracts with 
BAE System s and in TOH PIC, SPIN-HSV and 
M ARNET-CFD EU  Projects H e has over 110 
publications in  various journals, conferences 
proceedings and research reports covering theoretical 
and experimental research related to  hydrodynam ics 
o f  ships and offshore structures.

P K rishnankutty is a Professor in the D epartm ent o f 
Ship Technology, Cochin U niversity o f  Science and 
T echnology, India and is currently on a research 
assignment, in  the area o f  ship hydrodynam ics, with 
the D epartm ent o f  N aval A rchitecture and M arine 
Engineering, G lasgow  & Strathclyde Universities, 
UK.

M are V antorre is a Professor in the Division o f 
M aritime Technology, D epartm ent o f  M echanical 
Construction &  Production, G hent University, 
Belgium. His research interests are in the area o f  ship 
hydrodynam ic interaction and ship manoeuvrability.

R C -33-9


