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1. INTRODUCTION

Analysis of inelastic structures
Classical problem
many unclear points




Local Formulation

Continuity
_ au; ou;
& = %(E + a_>qj
Equlibrium
div 0+ X =0 (static)
Boundary conditions
U=ug on d.Q
F<s=.9 n where n external unit normal 0:Q

Constitutive modelling
Linear elasticity
o=L(e-&) or e=MO+¢g

Classical Plasticity
Mises criteria

Perfect plasticity
f(oy)=f)=3;S:S-y=0

Kinematic hardening

f(o, y)=\/%(s-05p):(s-05p) -%




Numerical solution

Finite Element Method

Dp(x,y) =Z Ni(X,Y) gie=NQe

L
oS

Spatial discretization

Time dicretization f

AEEE .

Time integration

In any point M at time t,
Uy displacement vector
& | strain tensor
& ¥, plastic strain tensor
0 stress tensor

Mises (T, € X)) <o

at time ty = tet2 t.
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::pﬂ.vy,‘




Classical algorlthms

O and €, plastlcally admissible at ty.1,
O*=0 + L. Qs elastic increment

- iff(o*, €0,

(o)

k+1:0'*

E k+1 g k
. it for €9 >0,
Ag, suchthat f(O + LAE-LAE | € KtAEP) =g

Radial Projection

Aspk = A}\p. (% )o’: ok+1 0,
b= s_cer

& _2,u(s CeP)

f(Oke1,€%+1) =0

Ay - o
Asp = (BD‘ )0 ok+1= 2;1 (Sk+1‘ 8pk+'1-
L >
\/m(s*‘CE")(S*-kap)‘l >
)\p = 1+2”
. A
Aegt=——FTP_———(S'-Cs})

k-
P 2u+Qu+C)A,




Analytical integration Yoder et Whirley (1984)

e=M.(c-0") with o =2u.¢°

fo(e,0)=%(g -Ke0"): (€ -Kea") - (pp2/3)
af, af,

B =9¢ =€ -K. 0

For f(o,e) =1(S-CeP): (S-CeP) -y,

Initial value Y. , Final value y.

o, stress at the contact point at time k+1
€. strain at the contact point at time k+1
o stress at time k
& strain at time k
e’ plastic strain at the contact point at time k+1
dev(Ae¥™) deviatoric part of the strain increment
between k and k+1
f(0.,€,) =0
intersection between o*o” and the yield surface o.

0,

1
E(Sc -Ce8):(S,~Cef) =Y, =0




Benchmark

Clamped Beam

Linear isotropic elastic material
E =2x10E11 Pa
nu =0.3

Length =4 m

Heigth =1 m
Thickness = 0.16 m

Uniform Pressure

P=5x10 E06 Pa

Results
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== > New approach: Intelligent
Optimal Design of Materials and
Structures

2. LEARNING EXPERT SYSTEMS

Unknown full solution

One raw examples base built by EXPERTS
experimentally or numerically or ..

with
e input descriptors (numbers, alphanumeric, boolean, files...)
e output descriptors or conclusions : classes or real numbers




2. LEARNING EXPERT SYSTEMS

Generally

= non statistically representative

« with few, fuzzy, missing information !!

Any tool that can be applicable

Learning : neural network, computational learning,
linear regression, fuzzy logic, symbolic learning

2. LEARNING EXPERT SYSTEMS

Optimization
= classical convexity of the cost function and the functions
constraints

= all functions : analytical and differentiable

Real problems

= non-convexity of functions and only known by values !!
Optimization : genetic algorithm, annealing...




2. LEARNING EXPERT SYSTEMS

Prepare: User format ===> L.E.S format
Split database into learning and test sets

Learn: Draw rules from learning set
Inclear: shows active descriptors and rules
Test: Evaluates rules with test set

Conclude: Rules===> Conclusion
Apply rules to solve new problems

Optimize: Deliver the best result
under some constraints

3. GENERAL METHODOLOGY

1. BUILDING THE DATA BASE

EXPERTS ==>all variables or descriptors which
may take a part

i) PRIMITIVE descriptors x (limited number)
i) INTELLIGENT descriptors XX (large number)

< with the actual whole knowledge

= simplified analytical models

= simplified analysis

« complex (but insufficient) beautiful theories !!




3. GENERAL METHODOLOGY

Experimental results or field observations
Numerical analysis results
General tools to describe

e geometry

e material properties

= loading

= signals, curves, images....

3. GENERAL METHODOLOGY

INPUT DESCRIPTORS
e Number

e Boolean

e Alphanumeric

< Name of files
— data base access
—curve, signal
— pictures....
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3. GENERAL METHODOLOGY

OUTPUT DESCRIPTORS or CONCLUSIONS
= classes (good, not good, leak, break...)
e numbers (cost, weight,...)

50 examples in the data base

10 to 1000 descriptors

1 to 20 conclusions
MOST IMPORTANT (DIFFICULT) TASK

3. GENERAL METHODOLOGY

2. GENERATING THE RULES with any Machine
Learning tool

« Intelligent descriptors help the algorithms

Each conclusion explained as function or rules of
some intelligent descriptors

e with known Reliability

—if too low :
* not enough data
« bad or missing intelligent descriptors
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3. GENERAL METHODOLOGY

3. OPTIMIZATION at two levels (Inverse
Problem)
< i) independent intelligent descriptors

may be impossible OPTIMAL SOLUTION

but DISCOVERY OF NEW MECHANISMS

= ii) intelligent descriptors linked to primitive
descriptors
OPTIMAL SOLUTION

technological possible !

4. INTELLIGENT OPTIMAL MESH

Data base of examples ?

* Numerical solutions with known error ?
= Signification of error ?

= only indicators are given !!!

Nothing (sphere or cylinder)

Exact solutions for various structures
e geometry
e mesh distribution, time step
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Construction of exact solutions

Practical construction for the indefinite solution

ux, ) = A ui(x) @t)

- ref

E, v, C, 0o, p Material homogeneous linear
elasticity and linear workhardening

Shapes of functions

initial and final times

Calculation of nodal forces equivalent to the volume
and surface loads
Hinton (1978)

LTe0edV =F ',

T _ T
Fe:V B'o,dV= . B Cexdet(J) dearent
e parent
oN oN

— (o) —+0
FX| = Ve( XXX ax exxy ay

)dxdy

Fy = (oex a_N+0exx a_N
| ¥ oy Y ax

Ve

)dxdy
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N; = %(1 -€8).(1-nni) i lto4
. x= N, n).x
y= Ni(e,n).y
oNi NI
aX_ - J—l af
¢ N TN
oy on

e« ©oas function of € andn
e J
e derivation relative to € and n

Fxi= W Yi(&,n) i 1 number of Gauss points W;
weight to the point (g;, n; ).
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Practical construction for the solution associated to a
given structure

Q, s,0and a0

A y y

vy v vy yyy
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One example of Error

CzE = —HAV HE (R):GO/\/E
Po+/Vaq
1/2
C,o (1) = [Supt Sy CZE(T)]Z
mesh

Experimental discovery

Global_Error

1 oradlull

L ||III.I.|I
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Tests with different rules for

remeshing
Optimal curve
Remeshing rule
P Sup“grad(aeq)

ref = Integer part ( Moy(Supngad(Jeq)

Optimal meshes

‘.K+1)

=
T
9%

[
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Error in Stresses
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REMARKS

With the particular remeshing rule ==>
« as we refine the mesh, the error will follow the optimal curve

But the position of the optimal curve for the particular
case is unknown !

=== no other choice (for the moment) than to learn
it based on the (limited) data base

Intelligent Optimal mesh
only based on the field :

(t) fictitious elastic stress field

o
q =—
JO

nondimensionnal field : Se

i) first field

S
CDl = Sup( e
SupQDSeq

iil) second fiel
(D 2 = Supt Seq
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i) third field

®, = Sup, |grad ﬁ
Q, “eq
ii) fourth
®, =r, Sup, U‘grad (Seq X‘]
iii) fifth field

equiv [ai+l - ai]

o, =

sup, [equiv (o)
to differentiate monotonic and cyclic

Intelligent descriptors

-each field as in a topographical map

- Codage of the fieldz (Mises absolute):

X1 = g mean value on the domain

X2 = decimal logarithm ofp maximal

X3 = shape paramater (PF), of @

X4 =PF g,de@

X5 and X6 = PF gl and d»

X7 and X8 =PFgand s,

X9 = ratio Vicart! Viota fOr @

X10 & X14 =ratio Rax/ hmoy Of the subvolumes
coresponding to 0.5, 0.6, 0.7, 0.8, 0.9

X15 a X17 =ratio Sinene!/ S Of the slices at the altitude
1, 2 ans

21

21



- Codage of the fielg# (adimensional gradients of
the Mises absolute):

X18 = @ mean value on the domain

X 19 and X20 = PFd and ¢, of ¢

X21 and X22 = PF 4 and d,

X23 and X24 = PFssand s,

X25 = ratio Viecart/ Viota fOr @

X26 a X29 = ratio Rax/ hmey Of the subvolumes

corresponding to 0.5, 0.6, 0.7, 0.8

- Codage ofg (cyclicity)

X30 =¢@ minimum on the domain

X31 = g mean value on the domain

X32 = g maximum

X33 = ratio Vecar / Viota fOr @

Construction and use of the
optimal curve

Error“
El

Y

E2 Y

NI N N2 N DOE
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5. CONCLUSIONS

ACTUAL APPROACH ==>
DESIGN OF THE FUTURE !!!

ABSOLUTE NECESSITY also in
Control of Processes

Survey of Structures...

Linking automatic learning
and optimization techniques
with mechanical expertise
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