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uDroject objectives

O Parameters identification of continuum damage models:

» Study of the aspects related to the solution of the inverse problem:

v"Uniqueness and robustness of the solution (well-posedness of the
inverse problem)

v’ Factors of influence for the solution (e.g. experimental uncertainty, initial
guess)

v Qualitative and quantitative choice of the experimental data

»Study of the aspects related to the choice of the inverse technique
(best strategy)

v Effectiveness (how close to the solution)
v Efficiency (time)
v Reliability



uDroject objectives

dInsight in the calibrated numerical model:

»solving the inverse problem needs insight in the forward problem,
otherwise it reduces to mere data fitting

»solving the inverse problem helps to have insight in the forward
problem (e.g. length scale)

»Investigation of the limitations of applicability, reliability and
predictive capabilities of the calibrated numerical model (size effect
and geometry effect)



Qroject objectives

4 Study of the problem of objectively extracting intrinsic
material properties from structural experimental responses:

»Numerical model is an approximation of the reality

v'many external factors that play a role in the laboratory tests are difficult to
be identified, quantified and included in the model

v"acting only on the model parameters may not be sufficient to cover the
approximation

\/consequence: not constant material parameters.

»Possible dependency of the material parameters from

v structural factors: the boundary conditions, the load conditions, the
specimen size and geometry

v environmental and manufacturing factors
v'time and/or deformation state

»Inverse problem only valid tool to link local law at the material point
level with structural response



The numerical model (forward problem)

Gradient-enhanced continuum damage model

-~ 6=(1-0)Ds .
) €, =&, (g) ﬁ
®=o (K) TR
L K= max(Ki €4 (1-o)Ex: ; B e ) 1&
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. . : gradient parameter
tensile-compressive strength ratio ‘ ‘ (related to length scale)
T g
| x =[E,v,x;,a, ,n,C]
elastic —— softening curve

parameters | | arameters
damage threshold P

Simplification: x' =[a, 5,c]



The Inverse Problem

Minimization of an objective function
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The Inverse Problem

Definition of the objective function Te e
F (tot)
experimental curve
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kThe Inverse techniques

J KNN method

1 Kalman filter method



KK-Nearest Neighbors method (KNN)

x =min f(x)

* choose a population of model parameters sets x; (creation of a grid)

c

% compute (forward problem) Ycomp(Xi) m % w0 @
m-dim space N-dim space A
y 700
et Ve o
P nearest .
¥comp

* evaluation of the weighted Euclidean distance f(x;)

3% choose x that corresponds to the nearest neighbor of y,, (K=1)



kKaIman Filter method (KF)

Global iterations for non linear forward operator



tl’he Inverse techniques

J KNN method

v’ Derivative free method

v'General overview in the parameters space
v Estimation of the initial guess

v’ Parallel solutions of the forward problem

v easily usable for any numerical model (external tool)
force—deformation diagram

Type B

experimenatal
numerical (KFII1)

160 |k

d Kalman filter method o |
v Refine the searching process

v'Parameters update during fracture process

force [N]

80

40

deformation [mm)]



KExperimentaI data 1

Tensile size effect tests on dog-bone shaped specimens by van Vliet
and van Mier (2000)

5 Six specimen sizes in a scale range of 1:32
| I

L




kExperimentaI data 2

Tensile Size Effect Tests (different concrete mixes) by K. Hariri (2000)

» Three point bending tests (BG) on single-edge-notched concrete beams
» Uniaxial tensile tests (KG) on double-notched concrete prisms

Double-edge notched tensile specimens

Size Width B Height H Thickness T Notch ag

KG 1 80 mm 180 mm 80 mm 10 mm
Heay =f| KG2 120mm 270mm 80 mm 15 mm
KG3 160 mm 360 mm 80 mm 20 mm
..__B_.ﬁl KG4 240 mm 540 mm 80 mm 30 mm

Single-edge notched bending specimens

P/2 P/2

-
3 il
) S
L
Ie

Size Thickness B Height W Length L Span S Notch ag

BG1 60 mm 60 mm 260 mm 240 mm 20 mm
BG 2 60 mm 80mm 380mm 320 mm 30 mm
BG 3 60 mm 120 mm 560 mm 480 mm 40 mm
BG 4 60 mm 180mm 840mm 720 mm 60 mm

BG 5 60 mm 240 mm 1120 mm 960 mm 80 mm




kExperimentaI data 2

U Experimental available results:
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kObjective of the fitting

@Global curve one single size

@Global + local curve one single size

®Size effect curve (only peaks)

@ Global curves different sizes

®Global + local curves different sizes

®Global + local curves different sizes and geometry



KResuIts

Sie)

@® Global curve one single size

v'lll-posed inverse problem:
*not unique parameters set

+c and [ correlated

force—deformation diagrams
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force [N]

KResuIts

@ Global + local curve one single size

force—deformation diagram Damage profile Equivalent strain profile (local)
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Results

v'Single parameters set identified

v'Fitting of other sizes curves not guarantied
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foras [M]

KResuIts

® Size effect curve (only peaks)

v'Different parameter sets could give “good” average fitting
v'Fitting of the entire global curves not guarantied

v'"No unique parameters set reproduces the real size effect curve (statistical
effects not captured by the deterministic model)

v'The length scale may be used as tuner parameter.

force—deformation diagrams )
BG specimens

Type_&, B, C, D0 E Rize Effect curves
1200 i - 06r ——— experimentl 0.9 : —+—exp data
- oo €00 el i i —a— st unique set [50 500]
1000 1 e e o =500 B =1500.0 w : . _ |
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kResuIts

@ Global curves different sizes

v'Different parameter sets could give “good” average fitting.

v'No unique parameters set reproduces the real size effect curve

v'The length scale may be used as tuner parameter.

force—deformation diagrams
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kResuIts

& Global + local curves different sizes
v'Single parameters set may be identified.

v'No unique parameters set reproduces the real size effect curve.

v'The length scale may be used as tuner parameter.

FPZWIDTH-CMOD BG2

Tests: P23 (26 days), P24 (27 days) (slow load)

FPZ WIDTH-CMOD BG1

Tests: P27, P2t (28 days. stow load)
160 160 -
exp scalter bard exp scatier band
—— |50 500j-44 —— [50 500]=4
[25 350]=487 120 |25 350]=4
=0 ——- average exp — ==~ average exp
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& g
|
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|
i
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160
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125 350 467 I25 35048
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12 T average exp 120 - Lvemgg]exp
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g 80 e = e
= g m
= \ 3
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QGSU ItS: no unique parameters set reproduces the real size effect curve.

. STRESS-CMOQOD curves (BG1) STRESS-CMOD curves (BG2)

B G S p ec I m e n S fct=2 2 E=30000 nu=0.2 eta=1591 alpha=0.92 fct=2 2 E=30000 nu=0 2 eta=1591 alpha=092
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fot=2.2 E=30000 nu=0.2 cta=15 91 alpha=092 8

FPZ width computed using the nen loc equ strain profile with a thresold of 208 of the peak (no exp cov)

1500 . 8
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fct=2.2 E=30000 nu=0.2 - Mo exp cov average exp Hp o [70 700]=39
eta=15.91 alpha=0.92 : (80 500)=47
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kReSU Its: fitting only the peaks # fitting the entire global curves

STRESS-CMOD 8G1 STRESS-CMOD curves (BG2)
B curves ( ) fel=2 2 E=30000 nu=0 2 ela=15 91 alpha=0 92
fci=2.2 E=30000 nu=0.2 eta=15.91 alpha=0 92 o -

BG specimens

average exp
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g g
E4 4
H :
= )
2
2
o
o 02 04 06 o8 1 0
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KNN results (¢ and beta minimum)
STRESS-CMOD curves (BG5)

FPZ width computed using the non loc equ strain profile with a thresold of 20% of the peak (noexp cov) STRESS—CMOD curves (BGB)
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uQGSU ItS: the length scale may be used as tuner parameter

STRESS-CMOD curves (BG2)

BG SpeCImenS STRESS-CMOD curves (BG1)
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u?esults
% Global + local curves different sizes and geometry

v'Structural effect

BG specimens
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Conclusions (parameters identification strategy)

KN resuilts (¢ and beta mirimum)

Parameters identification procedure (for f and c): = %z
® KNN method to identify the best glob for each size.
@ Find the better fixed Bs (better representatives of the .

“best glob” population)
® Find for each better f the best c for each size. — 56 specimens
. i r ———— i 0.9 T T
(peaks below the computational curve of a fixed [B c] wrtm = T oso
couple have smaller ¢ and vice versa) s 077 ‘
@ Find the best fixed c for each better  (the best - R
representative of each “fixed B” population) ; 03 1‘7 1‘9 .
® Find the best [c,B] set considering the local w8 § & v # log Weft (mm)
curves (priority of fitting to the glob curves)
Penalty of not a
A unique c
“average”  global No h hat fixed
® fitting through all the —» ©@Use the cs of step ® for that fixe B Penalty of not
fitting local data

sizes is satisfactory? (use c as tuner parameter)

Go back to ® for another
No [c,B] couple

“average”  global
fitting through all the
Sizes is satisfactory?2

@ Stop

KF on one par set for all
the sizes

How the
objective has
to be fitted?

Use the best
glob of step ©

Yes Penalty of

notunique .~ @ KF on ¢ and 3 for each size
Stop
@ ® KF on c for each size




KConcIusions (Hariri tests: global overview)

KNN results (c and beta minimum)

FPZ width computed using the non loc equ strain profile with a thresold of 20% of the peak (no exp cov) D Average flttlng Of the gIObaI Size
1000 - % glob - - ' - - ' ' - 7 effect obtained by one single set
0 loc fct=2 2 E=30000 nu=0 2 - with ¢ toward the smallest value.
0 [ tot eta=15.91 alpha=0.92 “BG2 |
800 - . U Detailed fitting of the global
size effect varying c
700 - xBG3 O
BG2
500 e U Spread of the parameters sets
e to obtain the best fitting of the
« 500 | . H BG3 local size effect.
BG1
| O Best individuals at borders!!!
400 xBG4 X BG1
300 x o |
ggg BG1 Q Structural effect on the model
200 - | parameters.
100 - : .
0 May parameters identification,
0L . . . | . . , , , 0 ggi solved as inverse problem,
20 30 40 50 60 70 80 90 100 110 120 completely substitute
¢ investigation at micro or meso-

scale?



KAdditional slide 1

KNN results (¢ and beta minimum) KNN results (c and beta minimum)
FPZ width computed using the non loc eqgu strain profile with a thresold of 209 of the peak (noexp cov) FPZ width computed using the non loc equ strain profile with a thresold of 209 of the peak (no exp cov)
1500 1 1 T 1 . 1 1000 1 i 1 1 1 ] : . -
x glok} | | | i |
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eta=15.91 alpha=0.92 ) lo 000 ot | etk B o1 aiphad0.92 | Do |
1300 - tot . | ! I I : i )
800 | ! | | i |
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900 - © BG2 @ 500 ~--mfmmmmmbemoede oo ooy F1BG3
| ! | | BG1 | |
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_ 400 BG4 TBG1 ! | | i i
700 . BG4 | ! | | i i
300 X-zmm—dommobo @]
BG2 BG1
BG5
500 - ~ BG4 < BG1 X ?)93] | BG3 200 |
a
100
BG2
BG2 BG1 BG3
300 o~ : : a0 : : <) BG3 0L . ‘ . . . . ‘ . . 0 a4
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