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1) INTRO & MOTIVATION

A WHY USE STRUCTURAL OPTIMIZATION?

LIMITED
RESOURCES EXTREME STRUCTURES FUNCTIONAL



1) INTRO & MOTIVATION

A WHY DISCRETE—CONTINUUM?
I LIMITED MODELING CAPABILITY
I REASONABLE SIMPLIFICATIONS OF REALITY

\/

REAL FRAME SIMPLIFIED FRAME MODEL



1) INTRO & MOTIVATION

A GRADIENT VS. NON-GRADIENT
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1) INTRO & MOTIVATION
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1) INTRO & MOTIVATION

A GRADIENT VS. NON-GRADIENT




1) INTRO & MOTIVATION

A STRUCTURAL OPTIMIZATION METHODS

f Optimization Method :

( Gradient-based ' [ Non-gradient '

(' Structural Elements )

R

( Discrete ) (  Continuum )




1) INTRO & MOTIVATION

A POTENTIAL APPLICATIONS

ANCHOR POINT LATERAL BRACING REINFORCEMENT
LOCATION SYSTEM LAYOUT
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4) GROUND STRUCTURES IN 2D

A TRUSS LAYOUT OPTIMIZATION IS HIGHLY
NONLINEAR: GEOMETRY AND SIZING

8

MAZUREK A (2012) - “GEOMETRICAL ASPECTS OF OPTIMUM TRUSS LIKE STRUCTURES
FOR THREE-FORCE PROBLEM”, STRUCT AND MULTIDISCIPLINARY OPT 45(1), PP 21-32



4) GROUND STRUCTURES IN 2D

A TRUSS LAYOUT OPTIMIZATION IS HIGHLY
NONLINEAR: GEOMETRY AND SIZING
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MAZUREK A (2012) - “GEOMETRICAL ASPECTS OF OPTIMUM TRUSS LIKE STRUCTURES
FOR THREE-FORCE PROBLEM”, STRUCT AND MULTIDISCIPLINARY OPT 45(1), PP 21-32



4) GROUND STRUCTURES IN 2D

A MAIN IDEA:

CONVERT A GEOMETRY AND SIZE OPTIMIZATION TO A
SIZING-ONLY PROBLEM

A PLASTIC FORMULATION:

min V =17a
a

st. Bin=f
—oc <o, <op it a; >0

a; > 0 iZl,Q...Nb

DORN W S, GOMORY R E, GREENBERG H J (1964) - “AUTOMATIC DESIGN OF OPTIMAL
STRUCTURES”, JOURNAL DE MECANIQUE 3(1), PP 25-52
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4) GROUND STRUCTURES IN 2D

min V =17a
a

st. Bln=f
—oc <o, <or it a;>0 VANISHING
a; >0 i=1,2...N, CONSTRAINT

A MULTIPLYING THE INEQUALITY BY CROSS—-SECTIONAL AREA

min V =17a
a
st. B'n=f
—0Cca; SN S oTa;

DORN W S, GOMORY R E, GREENBERG H J (1964) - “AUTOMATIC DESIGN OF OPTIMAL
STRUCTURES”, JOURNAL DE MECANIQUE 3(1), PP 25-52



4) GROUND STRUCTURES IN 2D

min V =11a
a
st. Bin=f
—0Cca; <Ny < 07ay

A INTRODUCING SLACK VARIABLES
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4) GROUND STRUCTURES IN 2D

A REMARKS
I DESIGN VARIABLES DOUBLED: S*™ AND S~
I NO MORE VANISHING CONSTRAINT
I DIFFERENT LIMITS IN TENSION AND COMPRESSION

I LINEAR PROGRAM

KARMARKAR N (1984) "A NEW POLYNOMIAL-TIME ALGORITHM FOR LINEAR
PROGRAMMING." COMBINATORICA, 4(4):373-395.

WRIGHT MH (2004) “THE INTERIOR-POINT REVOLUTION IN OPTIMIZATION:
HISTORY, RECENT DEVELOPMENTS, AND LASTING CONSEQUENCES.” BULLETIN OF
THE AMERICAN MATHEMATICAL SOCIETY, 42(1):39-56.

_|_ _
min V—IT(S—+S—>

sT.,s— aT acC
st. Bl(st—s7)=f
sT.s7 >0

7 '




4) GROUND STRUCTURES IN 2D

A SIZING OF A HIGHLY INTERCONNECTED
AND REDUNDANT TRUSS

NODES 404
- LEMS 200
| EVEL S




4) GROUND STRUCTURES IN 2D

A SIZING OF A HIGHLY INTERCONNECTED
AND REDUNDANT TRUSS

BARS 23,201
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4) GROUND STRUCTURES IN 2D

A UNIQUE SOLUTION — NO COLLINEAR BARS

GIVEN, pANDUO p
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4) GROUND STRUCTURES IN 2D

A HIGHLY INTERCONNECTED TRUSS
I CONNECTIVITY GENERATION

TRUSS MEMBERS
AT THIS CONNECTION

LEVEL




4) GROUND STRUCTURES IN 2D

A EXAMPLE
i BASE MESH




GROUND STRUCTURE METHOD

A EXAMPLE
I CONNECTIVITY: LEVEL 1




4) GROUND STRUCTURES IN 2D

A EXAMPLE
i CONNECTIVITY: LEVEL 2
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4) GROUND STRUCTURES IN 2D

A EXAMPLE

CONNECTIVITY: LEVEL 3
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4) GROUND STRUCTURES IN 2D

A EXAMPLE

LEVEL 4

I CONNECTIVITY
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4) GROUND STRUCTURES IN 2D

A EXAMPLE

LEVEL S

I CONNECTIVITY




4) GROUND STRUCTURES IN 2D

A EXAMPLE

LEVEL S

I CONNECTIVITY




4) GROUND STRUCTURES IN 2D

A THERE CANNOT BE BARS EVERYWHERE
I DEFINE ZONES WHERE NO BARS CAN BE

/

\/




4) GROUND STRUCTURES IN 2D

A INTERSECTION TESTS FROM VIDEO-GAME
AND COMPUTER GRAPHICS INDUSTRY

DELETE
MEMBER COLLIDES
WITH RZ1




4) GROUND STRUCTURES IN 2D

A RESTRICTION ZONE PRIMITIVES

I CIRCLE

i SEGMENT (LINE) 3 CIRCLES
I RECTANGLE SIS
I POLYGON

A CAN BE COMBINED...




4) GROUND STRUCTURES IN 2D

A MICHELL CANTILEVER

>y

MICHELL AGM (1904), "THE LIMITS OF ECONOMY OF MATERIAL IN FRAME-STRUCTURES",
PHILOS. MAGAZINE SERIES 6, 8(47), 589-597
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A MICHELL CANTILEVER

A

11

MICHELL AGM (1904), "THE LIMITS OF ECONOMY OF MATERIAL IN FRAME-STRUCTURES",
PHILOS. MAGAZINE SERIES 6, 8(47), 589-597 3



4) GROUND STRUCTURES IN 2D

A MICHELL CANTILEVER 28,256 BARS

lteration 00

MICHELL AGM (1904) "THE LIMITS OF ECONOMY OF MATERIAL IN FRAME-STRUCTURES",
PHILOS. MAGAZINE SERIES 6, 8(47), 589-597



