
In-depth I SHIP DESIGN

Ship design goes multidisciplinary
Tlie MARSTRUCT five-year series o f conferences is aimed at advancing 
the field o f m arine structures. Nicolas Besnard, Principia, and  Fabian Pécot, 
Sirehna (both o f Nantes, France) and Philippe Rigo, ANAST-ULG (Liege, 
Belgium) report on developments ahead of the M arch conference in Lisbon.

I n  th e  fram e  o f  th e  E u ro p ean  fu n d ed  
p r o je c t  M A R S T R U C T , a j o in t  
s tu d y  w as p e rfo rm e d  to  d e f in e  an  

in n o v ativ e  m e th o d o lo g y  fo r sh ip  design , 
h ig h lig h tin g  th e  p o ss ib ilitie s  o ffered  by 
w e ll-tried  o p tim isa tio n  tec h n iq u es . The 
m e th o d o lo g y  w as v a lid a ted  o n  a realistic  
study  case: specifications w ere d e fin ed  for 
a  fast ferry, a n d  a  first desig n  w as defined. 
T h e  m e th o d o lo g y  w as  th e n  a p p lie d  to  
im p ro v e  th e  design.

M A R ST R U C T  is a  E u ro p ean  N etw ork  
o f  Excellence o n  m arin e  s tru c tu re s , a n d  is 
p a r t  o f  th e  Sixth F ram ew o rk  P ro g ram m e 
(F P 6). T lie o b jec tiv e  o f  th e  p ro je c t is to  
crea te  a  E u ro p ean  n e tw o rk  o f  researchers, 
w o rk in g  in  c o o p e r a t io n  o n  s h a re d  
re sea rc h  top ics. A larg e  ran g e  o f  top ics 
a re  a d d ressed : s im u la tio n  a n d  te s tin g  o f  
d iffe ren t s t ru c tu re  b e h av io u rs  (u ltim a te  
s t r e n g th ,  c o ll i s io n  a n d  g r o u n d in g ,  
c o rro s io n , etc .), h y d ro d y n am ic  loads, etc.

T he p re sen t s tu d y  to o k  p lace in  th e  fram e 
o f  a w o rk  package d ev o ted  to  iden tify ing  
a n d  im p ro v in g  m e th o d o lo g ie s  and  tools 
fo r design .

T he m eth o d o lo g y  consists in  a two-level 
a n d  m u l t id is c ip l in a r y  o p t im is a t io n .  
T he first level (g lo b a l leve l) co n sis ts  in 
m o d ify in g  th e  sh ip s  overall d im en sio n s to  
reach  a global ob jective . T lie second  level 
(loca l level) allow s d e fin in g  th e  successive 
designs locally, o p tim is in g  in n er p roperties 
o f  each  g lobal ite ration .

T h e  m e th o d o lo g y  is  b a s e d  o n  an  
ite ra tiv e  p ro cess b u ilt a ro u n d  th ree  tools 
o p e ra te d  in  in te ra c tio n . AV PRO, naval 
a rch ite c tu re  softw are, is u sed  to  generate  
th e  sh ip  m o d e l a t each  s tep  o f  th e  global 
o p tim is a tio n  a n d  to  a ssess  th e  m o d e l 
(e v a lu a tio n  o f  h y d ro s ta tic  p ro p e rt ie s , 
sh ip  w eigh t, hu ll stability , hu ll resistance, 
e tc .) . LBR5, a to o l fo r sh ip  s tru c tu ra l  
c a lcu la tio n  a n d  o p tim isa tio n  is u se d  to

d efin e  a n d  o p tim ise  th e  m id sh ip  sec tio n  
o f  each  g lobal i te ra tio n  desig n  acco rd in g  
to  R u le  c o n s tra in ts ,  w ith  a n  o b jec tiv e  
o f  lea s t w e ig h t. m o d eF R O N T IE R , th e  
o p tim isa tio n  e n v iro n m e n t, c o o rd in a te s  
th e  to o ls  a n d  p e r fo r m s  th e  g lo b a l  
o p tim isa tio n .

AVPRO
A V PR O  is  a  n av a l a r c h i te c tu r e  to o l 
d e v e lo p e d  b y  P r in c ip ia .  B a se d  o n  a 
p a ra m e tr ic  m o d e l, A V PR O  allo w s th e  
d e fin in g  o f  a  3D  m o d el o f  th e  sh ip  w ith  
a m in im u m  a m o u n t o f  d a ta , in  o rd e r  to  
co m p ly  w ith  th e  sh o r t  d u ra tio n  o f  early  
d e s ig n . T h e  m o d e l in c lu d e s  th e  sh ip  
su rfa ce s  (h u ll(s ) , d eck s , b u lk h e a d s  a n d  
s u p e r s t ru c tu re s ) ,  a rea s , c a p a c itie s  a n d  
eq u ip m en ts .

T h an k s to  p rec ise  su rface  a n d  v o lu m e 
c a lc u la tio n  o n  th e  3 D  m o d e l, a  p recise  
w e ig h t e v a lu a tio n  is p e r fo rm e d  o n  th e  
m o d e l, in c lu d in g  s t ru c tu re ,  c ap a c itie s , 
a r e a s  a n d  e q u ip m e n ts .  H y d r o s ta t ic  
c a lcu la tio n s  can  a lso  be p e rfo rm e d , a n d  
in c lu d e  s ta tic  e q u il ib r iu m , in ta c t  a n d  
d a m a g ed  stability , f lo o d in g  ca lcu la tio n s. 
The re su lts  c an  be  e x p o rte d  th ro u g h  XM L 
files. T h e  X M L  fo rm a t is a  c o n v e n ie n t 
fo rm a t to  c o n n e c t  severa l to o ls  to  each  
o thers .

LBR5
L B R 5 is  a  s t r u c tu r a l  a n a ly s is  a n d  
o p t i m i s a t i o n  to o l  d e v e l o p e d  b y  
A N A S T -U n iv ersity  o f  Liege, spec ifica lly  
o r ien ted  to w ard s th e  c o n cep tu a l a n d  early  
d esig n  stages. LBR5 allow s p e rfo rm in g  a 
3D  s tru c tu ra l analysis o f  a  p o r tio n  o f  th e  
s tru c tu re  (u su a lly  lo ca ted  in  th e  m id -sh ip  
re g io n ), a n d  a sc a n tlin g  o p tim isa tio n  o f  
th e  s tru c tu ra l  e le m en ts  (p la te  th ick n ess , 
size a n d  sp a c in g  o f  th e  lo n g itu d in a l a n d  
tran sv ersa l m em b ers ), b a sed  o n  d ifferen t 
ob jective  fu n c tio n s , as h ig h e r  in e rtia , less 
w eigh t a n d /o r  low er cost.

F ig u re  1 : V ie w s  o f  t h e  in itial d e s ig n  o f  t h e  f a s t  ferry.

16 T he N aval A rch itect M arch 2010



In-depth I SHIP DESIGN

The elastic analysis o f  th e  en tire  s tructure  
is based o n  th e  analytical form ulations o f  the 
behaviour o f  stiffened panels. This analytical 
approach  allows sh o rt co m p u ta tio n  tim es, 
an d  is su itable for th e  in teg ration  w ith in  an 
op tim isa tio n  process.

Tlie o p tim isa tio n  m o d u le  is b a se d  on 
th e  m ath em atica l o p tim isa tio n  a lg o rith m  
C O N L IN . T he u se r can im pose  constra in ts 
to  th e  m odel: technical co n stra in ts  (up p er 
an d  low er b o u n d s  o f  th e  design variables), 
geo m e trica l c o n stra in ts  (such  as stiffener 
asp ec t ra tio s), a n d  s tru c tu ra l c o n stra in ts  
(allow able stresses a n d  deflex ions, safety  
coefficient regard ing  buckling , etc.). LBR5 
also  in clu d es a  c o s t m o d u le  w hich  allows 
th e  d irec t calcu la tion  o f  th e  c o n stru c tio n  
cost, tak in g  in to  acco u n t th e  u n it costs o f 
raw  m ateria ls a n d  lab o u r costs.

modeFRONTIER
A V P R O  a n d  L B R 5 a re  e m b e d d e d  
in  th e  o p t im i s a t io n  e n v i r o n m e n t  
m o d eF R O N T IE R  w h ich  c o o rd in a te s  th e  
too ls a n d  p e rfo rm s th e  global op tim isation  
on  th e  sh ip  m odel.

m o d eF R O N T IE R  is a g en era l p u rp o se  
op tim al design too l developed by  ESTECO, 
w hich  is ab le  to  deal w ith  m ultid iscip linary  
p ro b lem s. It is a s ta te -o f- th e -a rt  P ID O  
to o l (P ro c e s s  In te g ra tio n  a n d  D esig n  
O p tim isa tio n ) th a t  offers a large n u m b er 
o f  fu n c tio n a litie s  in  te rm s  o f  p ro c ess  
in te g ra t io n , d e s ig n  o p t im is a t io n  a n d  
p o st-p rocessing  analyses.

Study c a s e
In  o rd e r  to  d em o n s tra te  th e  possib ilities 
o f f e r e d  b y  t h e  t w o - l e v e l  a n d  
m ultid isc ip linary  o p tim isa tion , a  fast ferry

w as chosen  as th e  s tu d y  case.
A R O PA X  d e sig n  w as in it ia te d  w ith  

AVPRO, w ith  th e  follow ing specifications:
•  a  garage capacity  o f  400m  (trucks)
•  o n e  full leng th  garage deck
•  c ru ise  speed: 30knots
•  p ro p u lsio n  e n su red  by tw o  gas tu rb ine

gen era to rs a n d  tw o pods.

T he resulting  sh ip  is 150m  long, 7500dwt 
ship, illustra ted  in  figure 1.

T h e  h u ll  re s is ta n c e  is a n  o b v io u s  
objective to  m in im ise  fo r a fast ferry. This 
is  a  v e ry  sensitive  p a ram ete r, as reducing  
th e  resistance d irec tly  leads to  a  reduction  
o f  fuel c o n su m p tio n , a llow ing  reduction  
o f  th e  fuel ta n k  capacity. It can  a lso  allow 
se lec ting  sm alle r p ro p u ls io n  installations, 
less expensive  a n d  o f  red u ced  w eight. So 
th e  global objective o f  th e  o p tim isa tio n  is 
to  m in im ize  th e  hu ll resistance a t th e  cruise 
speed o f  30knots.

Tlie m ain  re q u ire m e n t fo r th e  fe rry  is 
a m in im u m  garage len g th  o f  400m . This 
req u irem en t will be  set as a restriction  for 
th e  o p tim isa tio n . O th e r  re s tric tio n s  will 
e n su re  th e  feasib ility  o f  th e  sh ip  design. 
F irs t, th e  b a la n c e  o f  th e  sh ip  w ill be  
assessed  to  check  th a t th e  v o lu m e o f  th e  
generated  hu ll is sufficient to  accom m odate  
th e  w eigh t o f  th e  s tru c tu re , eq u ip m en ts , 
ga rag e  a n d  o th e r  a reas. Secondly , som e 
basic hydrosta tic  stability  requ irem ents will 
b e  c hecked  o n  th e  in tac t stability  curve, so 
th a t th e  gen era ted  hu ll g eo m etry  com plies 
w ith  In tern a tio n a l M aritim e  O rganisation  
(IM O ) requirem ents.

T h e  w e ig h t is  a h ig h ly  s ig n if ic a n t 
p a ram ete r o n  fast ships.

T he s tru c tu ra l w e ig h t o n  its o w n  can  
rep resen t a b o u t h a lf  o f  th e  to ta l w eigh t o f 
a sh ip . T o a d d re ss  th e  s tru c tu ra l w eigh t 
efficiently, a  local o p tim isa tio n  is defined  
to  g e n e ra te  fo r each  d es ig n  ite ra tio n  a 
w e ig h t-o p tim ise d  s t ru c tu re ,  c o m p ly in g  
w ith  Rule stren g th  requ irem en ts. F o r each 
design  iteration  th e  s tru c tu re  is generated, 
an a ly sed  a n d  o p tim ise d  o n  th e  basis  o f  
th e  m id sh ip  sec tio n ; th e  th ick n ess o f  th e  
d eck s , lo n g itu d in a l b u lk h ea d s  a n d  hu ll 
shell, as w ell as lo n g itu d in a l stiffeners are 
add ressed  by th e  o p tim isa tion , w ith  a  least 
w eigh t objective. Tlie B ureau V eritas Steel 
Ships ru les a re  co nsidered , c o n ce rn in g  the 
hu ll g ird e r loads, th e  m in im u m  s tren g th  
a n d  m ax im um  allow ed stress levels.

T h e  re su ltin g  o p tim isa tio n  p ro b lem  
is  a tw o -le v e l a n d  m u lt id is c ip l in a ry  
o p t im is a t io n  p ro b le m . T h e  f i r s t  level 
(g lobal level) con sis ts  in  m o d ify in g  th e  
sh ip  m o d el overall d im en sio n s to  reach  a 
global ob jective  o f  m in im al hu ll resistance, 
k e e p in g  a  sp e c if ied  m in im u m  g a rag e  
len g th , a n d  co n s id e rin g  so m e  feasib ility  
restric tions. Tlie follow ing design variables 
are selected fo r th e  global level optim isation: 
w a te r lin e  len g th , w a te r l in e  b e a m  a n d  
d ra u g h t. T h e  se c o n d  level o p tim isa tio n  
(local level) allow s de fin in g  th e  successive 
s tru c tu ra l d esig n s, o p tim is in g  s tru c tu ra l 
w eigh t p ro p e rtie s  o f  each  ite ra tio n  o f  th e  
global level, a n d  com ply ing  w ith  s tan d ard  
s tren g th  Rules. T he local desig n  variables 
a re  th e  scan tlin g s o f  th e  m id sh ip  sec tion  
(p la te  th ick n ess  a n d  stiffener d im en sio n s 
a n d  spacing).

T h e  o p tim isa tio n  p ro cess  is in itia te d  
w ith  a  p o p u la tio n  o f  designs genera ted  by 
m o d eF R O N T IE R  ra n d o m ly  d is tr ib u te d  
in  th e  w h o le  d e s ig n  sp ace . T h e n , th e  
d ifferen t steps o f  th e  o p tim isa tio n  a re  th e  
fo llow ing . F irs t A V PR O  is la u n c h e d  by 
m odeF R O N T IE R , reads th e  m o d el file and  
g en era tes  th e  g e o m e try  o f  th e  3 D  m odel. 
T hen , th e  m id sh ip  sec tion  and  hull g irder 
loads a re  ex p o rted  to  LBR5. LBR5 analyses 
a n d  o p tim ise s  th e  s tru c tu re  o f  th e  m odel 
acco rd in g  to  p redefined  Rule requ irem en ts  
(local o p tim isa tio n ), a n d  re tu rn s  th e  results 
to  AVPRO. AV PRO can now  co m p u te  th e  
to ta l w eight o f  th e  ship, perfo rm  hydrostatic 
calcu la tions (balance check, stability). The 
availab le  ga rag e  len g th  is a lso  m easu red  
o n  th e  3D  m o d el, a n d  th e  h u ll resistance  
is a ssessed  u s in g  a n  a n a ly tic a l H o ltro p

T a b le  1. R esu lts  o f  t h e  o p t im is a t io n  o f  t h e  f a s t  ferry

Initial design
Optimised

design

Length L (m) 150 152

Ratio L/B 7.5 8.1

Beam B (m) 20 18.8

Ratio B/T 4 4.4

Draught T (m) 5 4.3

Parking length (m) 440 421

Propulsion power at 30 knots (kW) 21 400 16 700
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m ethod. All these resu lts a re  ex p o rted  by 
AVPRO to  m odeFR O N T IE R , w hich  a t last 
perform s the global o p tim isa tion  based on 
these results, using a genetic a lgorithm .

Results o f  th e  tw o-  
level op tim isation
The results o b ta in ed  fo r th e  in itial design  
and th e  final o p tim ised  design  a re  given 
in table 1. The o p tim isa tion  leads to  a  gain 
o f 22% on th e  req u ired  propulsive  power, 
keeping th e  vehic le  cap ac ity  ab o v e  th e  
m in im u m  re q u ire m e n t, a n d  co m p ly in g  
with th e  stability  requ irem en ts. The table 
also poin ts ou t th a t th e  design  variables are 
m odified w ith  a  sligh t d ecrease  o f  beam  
(6%), a n d  a la rg e r d ecrease  o f  d ra u g h t 
(1 4 % ), w hereas the length rem ains a lm ost 
unchanged (1% increase).

Length a n d  b eam  d ire c tly  affec t th e  
garage capacity : b a s ica lly  th e  b eam  is 
adjusted to  accom m odate  th e  3 .10m  w ide 
vehicle lanes, a n d  th e  len g th  is ad ju s ted  
to  ob tain  th e  c o rre c t garage len g th . The 
initial design  proved  to  b e  q u ite  close to 
the op tim al garage a rra n g e m e n t, so  only 
small len g th  a n d  w id th  v a r ia tio n s  w ere 
observed.

The d rau g h t h as a g rea t im p ac t o n  th e  
d isp lacem en t, a n d  c o n se q u en tly  o n  th e  
hull resistance. So th e  o p tim isa tion  process

led  to  d ecreas in g  th e  d ra u g h t as m u ch  as 
possible, keeping th e  hull volum e sufficient 
to  c a r ry  th e  sh ip  w eigh t, a n d  resp ec tin g  
th e  s ta b ili ty  c r ite r ia . T h e  o p tim isa tio n  
le d  to  a n  im p o r ta n t  re d u c tio n  o f  th e  
d isp lac em e n t (21% ). A ctually, th e  in itial 
d e s ig n  p re se n te d  w e ig h t m a rg in s  th a t 
w ere  to o  larg e  a n d  w ere  red u ced  by th e  
o p tim isa tio n  p ro cess . F u r th e rm o re , th e  
s t r u c tu r a l  w e ig h t o p tim isa tio n s , led  a t 
each  ite ra tio n  o f  th e  g lobal o p tim isa tio n , 
re su lted  in  a s ig n ifican t re d u c tio n  o f  th e  
s tru c tu ra l weight.

C o n c lu sio n
T h e  v a lid ity  a n d  feasib ility  o f  su ch  an 
approach  coupling  d ifferen t too ls (general 
p u rp o se  o p tim a l desig n  too l, a s tru c tu re  
d ed ica ted  o p tim isa tio n  too l a n d  a naval 
a rch itec tu re  too l) have been  dem onstra ted . 
The interoperability  o f  these  tools w as made- 
possib le th an k s  to  th e  ability  o f th e  general 
p u rp o se  o p tim a l d e s ig n  too l to  m anage  
m ulti-purpose  prob lem s w ith  different tools, 
a n d  effic iën t in p u t a n d  o u tp u t facilities. 
In  p a r tic u la r  th e  s tu d y  h ig h lig h ted  th e  
im p o rtan ce  o f  un iversal in p u t a n d  o u tp u t 
cap ab ilitie s  fo r to o ls  c o n n ec te d  to g e th e r 
th ro u g h  a n  o p tim isa tio n  en v ironm en t, and 
in  th is respect th e  XM L form at proved  to  be 
v e ry  efficient. N A
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