
DESIGN AND  OPTIMIZATION 
OF SHELLS AND SPATIAL 
STRUCTURES

PhD Co u r s e 

Short Programme: Shell and spat ial st ruct ures: Light-weight 
structures: origins and developments. Iconic and emblematic cases in 
the European and American schools.
Form  f inding approaches: dynamic relaxation method (DRM), particle 
spring model (PSM), thrust network analysis (TNA), multibody rope 
approach (MRA), R-funicularity. Theory and applications.
Tensile and t ension-com pression l ight weight  st ruct ures: Tent 
structures, tensegrity and origami. Theory and fundam ent al feat ures;
Local and Non-local st abil i t y analysis. Snap-through instability and 
collapse of shell structures, instability for tensegrities.
St ruct ural opt im izat ion of  shell and spat ial st ruct ures: traditional 
and innovative approaches.
Monit or ing of  shell and spat ial st ruct ures: main technologies and 
applications.
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o Under loads, beyond light: Structural 
Shaping and Optimization.
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The course aim s t o of fer  an analysis of  t he m ost  im por t ant  realizat ions, in t he f ield of  space 
st ruct ures, large span roofs and shells, regarding, at  t he sam e t im e, t he buildings of  t he 
50-70s, and t he m ost  im por t ant  realizat ions w it h respect  t o nowadays archit ect ures in It aly 
and all over  t he Wor ld. Through a det ailed analysis of  t he m odeling and ver if icat ion 
m et hods, t he course purposes t o explain, t he dif ferent  approaches, progressively proposed, 
for  t he calculat ion of  shell and spat ial st ruct ures. Wit h t h is m ot ivat ion, t he form -f inding and 
t he successive validat ion phase, for  st ruct ures of  t h is t ype, are present ed. The course aim s 
t o provide a cr it ical point  of  view  of  t he dif ferent  m et hods int roduced for  t he design of  
l ight weight  st ruct ures, f ir st ly, consider ing t he m odels em ployed for  t he realizat ions using 
t radit ional m at er ials and successively evaluat ing at ypical and innovat ive prot ot ypes. In 
t hese last  cases, t he use of  sust ainable and eco-f r iendly m at er ials and t he design of  
t ranspor t able st ruct ures for  aerospace applicat ions w il l  be explored.

The form -f inding processes (FFp), such as t he dynam ic relaxat ion m et hod, t he par t icle spr ing 
m odel, t he t hrust  net work  analysis, et c. are i l lust rat ed t oget her  w it h t heir  pr inciples and 
t heir  dif ferences for  t he FFp of  vault s, gr id shells and act ive bending st ruct ures (FFp w il l  be 
im plem ent ed by Rhinoceros, Grasshopper , Visual-Nast ran 4D, et c.). The calculat ion m et hods 
and t he shape generat ing procedures for  t ensegr it y and or igam i st ruct ures w il l  be also 
addressed in t heir  fundam ent al out l ines. The st ruct ural opt im izat ion of  shells and spat ial 
st ruct ures w il l  be evaluat ed by invest igat ing t he m ain and m ost  innovat ive m et hods based 
on t he param et r ic and t opological approaches, also by t he use of  NURBS sur faces. The 
course, f inally, get  t he scope of  ident ifying t he m ost  im por t ant  validat ion procedures for  
t hese st ruct ures w it h respect  t o t he cr it er ia of  local and non-local inst abil i t y analysis of  
shells and vault s. The possible inst abil i t y and coupled inst abil i t y phenom enon w il l  be 
st udied t hrough t he applicat ion of  l inear  and non-l inear  FEM m odels. In par t icular , t he 
course w il l  also provide an overview  on t he cur rent  ret rof it t ing t echniques and perm anent  
m onit or ing syst em s, cur rent ly in use, in spat ial and shell st ruct ures norm ally em ployed t o 
cover  public spaces.
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