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Introduction

The harbor of Giulianova (Adriatic Sea) is in a 
natural position to link with ferries Italy and 
Croatia (Split). Public Administration is 
planning to devote an area to build a car-ferry 
embarkation deck. Moreover the harbor is 
experiencing an increasing traffic in its 
marina…

Existing Situation and Motivations

... but it lacks of passenger 
shelters and passenger 
embarkation area.
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Introduction

Preliminary steps and Area definition

So the first step was to sketch a 
possible layout of the shingle, 
the supporting pillars along with 
a preliminary hypotheses on 
loads…

… and adapting the sketch to the 
actual marina site and its 
embankments and dikes…

… but leaving an open issue: 

HOW TO CONNECT THE SHINGLE TO THE GROUND?
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Analysis

Topology Optimization: Definition of Design Space

The observation of natural structures subjected to a somewhat similar set of 
loads and constraints gave us a hint on how to tack le the problem.

The natural choice 
was Topology 
Optimization. 

First step was to 
define a design space 
subjected to the 
constraints given by 

• the pillar position 
and size 

• and a proper set of 
openings and 
passageways.

VIEW FROM BELOW

VIEW FROM FRONT/ABOVE

Load application / Shingle

Load application / Shingle

Non-design Space

Non-design Space

Design Space

Non-design Space 
(passageways)

Constraints (Pillars)

Constraints (Pillars)
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We defined the model in 
HyperMesh…

Analysis

Topology Optimization: Model Setup

… imposing on the shingle a set 
of overloads due to wind and 
snow (according to italian laws, 
DM 14.09.05)…

… defining the pillar geometry 
and position…

… along with a set of 
constraints…

…and modeling the design 
space…

... we are almost ready to use 
OptiStruct
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Analysis

Objective Function and optimality conditions

Given the problem, the natural choice is to find a material distribution 
such as the compliance of the structure has a minim um, with a mass 
reduction up to 70% of the initial mass (residual m ass equal to 30% of 
initial mass).

Initial mass distribution Final mass distribution
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Analysis

Model size and specifications. CPU time requirements

*************************************************** *********************
FINITE ELEMENT MODEL DATA INFORMATION :
---------------------------------------
Total # of Nodes                     :    84994  
Total # of Elements                  :   396438  
Total # of Degrees of Freedom        :   335910  
Total # of Non-zero Stiffness Terms  :  8119572   

Element Type Information  
------------------------
CTETRA   Elements   :   341957   
CTRIA3   Elements   :    54481  
*************************************************** *********************

Linux  2.6.5-7.267-smp  nodo004            
2 CPU:  AMD Opteron(tm) Processor 248
CPU speed  2200 MHz
The amount of memory allocated for the run is   216 0 MB.   
This run is intended to use incore processing in the  solver.

*************************************************** *********************
COMPUTE TIME INFORMATION
------------------------
EXECUTION STARTED                         Wed Feb 2 8 16:41:43 CET 2007 
EXECUTION COMPLETED                       Wed Feb 2 8 19:09:39 CET 2007 
ELAPSED TIME                                         02:27:56 
CPU TIME                                             02:27:54
*************************************************** *********************

Few snippets from OptiStruct .out file show…

Model Size

Memory requirements 
and CPU

Time frame
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Analysis

Optimization result: Evolution of the whole structure. First Stage of Analysis

…and here you can see the evolution of the structur e during the 64 steps to 
obtain convergence (full structure)
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Analysis

Optimization result: Evolution of the Upper Arm. First Stage of Analysis

A detail of the evolution of the structure can be s een in the animation above
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Analysis

First Stage post-processing and Second Stage Preparation

The obtained results must be post-processed: we hav e to transform the iso-
density surfaces into a geometry definition file
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Analysis

First Stage post-processing and Second Stage Preparation

The iso-surface of the so obtained structure was th en post-processed and 
transformed into a geometry definition file…
… and the re-imported into HyperMesh, meshed and rel oaded with the same 
set of loads and constraints.
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Analysis

Second Stage Execution

This second stage of calculation allow us, using Op tiStruct again as a linear 
static solver,  to obtain the stress state

of a surface with the same shape of the optimal sur face

subjected to the very same set of loads

but in a state of plane stress

We can extract the directions of principal tensions  (being now the structure a 
shell structure, obviously we have just only orthog onal families of curves) 
thus having an idea of the line flux of the tension s in the surface.

This operation is preformed loading the OptiStruct r esults in HyperView but is 
only partially automatized

So we have a hint on where tensions flow…
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Analysis

Third Stage Setup

The examination of the stress lines allows us to st art the third stage of 
calculation: a layout of tie beams, struts and cent rings was tentatively layered 
up on the surface.

As a starting point we chose circular hollow sectio ns for centrings (d=250 mm 
and thk=32mm) and struts (d=170mm and thk=16mm) and  a circular section 
for tie beams (thk=25mm)…
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Analysis

Third Stage: Spaceframe

… and then a size optimization was performed, obviou sly imposing a constraint on the 
maximum admissible tension and choosing the sizes f rom a commercial set of sizes, 
having in mind to minimize the weight of the whole structure. The last invocation  of 
OptiStruct as optimizer gave us the final result.
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Analysis

Third Stage: Spaceframe

Here you can see the structural knot near the 
base of the pillar at the upper end of the 
structure…

…and a detailed view showing the various 
components (struts in red and light blue, 
centrings in dark blue)
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Analysis

Further loadcases

Now the candidate structure can be verified under v arious 
loadsets.

For example, due to a quite high compressive stress  level in 
some elements, a buckling analysis was also perform ed.
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Discussion

Methodology

First Step: Model Setup (design space, 
loads, constraints…)

Topology Optimization run with 
OptiStruct as topological optimizer.

Objective: minimal compliance

Second Step: Surface Extraction, Static 
Analysis, Principal Stresses.

Frame Layout.

Third Step: Size Optimization with 
OptiStruct as size optimizer

Objective: minimal weight

Fourth Step: Further verifications and 
load cases

Fulfill all the structural requirements

Our main purpose was to develop a 
design methodology . So we can 
summarize our strategy in four steps:
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Conclusions

Summary and Conclusions

A methodology to design civil structures was develo ped

Starting from a definition of a design space

A first topological optimization defines a structur al surface

Another static analysis suggests a frame layout

A final size optimization is then performed

The resulting structure is then verified to a set o f desired loadcases

And this rationally designed structure can be beaut iful, too!

Thank you for your attention


