FATIGUE ANALYSIS OF
STRUCTURES
DURING RANDOM LOADINGS

Joseph ZARKA and Habib KARAOUNI

9 th NATIONAL CONGRESS ON THEORETICAL

AND APPLIED MECHANICS




9 th NATIONAL CONGRESS ON THEORETICAL
AND APPLIED MECHANICS



%

i(N)

Domaine
oligocyclique

Zone de fatigue

Donaine
|'d'endurance
| linitée

Domaine d'endurance
illinitée

9 th NATIONAL CONGRESS ON THEORETICAL

AND APPLIED MECHANICS



S
S
e Srmax -
Shin
S~

Rm Y
\. daN.mm?

(3
o/
03
V4
"\ Résistance A la traction
\,

Ry Rn On —>

9 th NATIONAL CONGRESS ON THEORETICAL
AND APPLIED MECHANICS



Courbe d'écrouissage cyclique

A Ac2
— |
P A2 Aen2
e > >

3
H

max[lit'(n,t)ll]
n

A

~

L

~

max[lit'(n,t)l]
n

RUPTURE

9 th NATIONAL CONGRESS ON THEORETICAL
AND APPLIED MECHANICS




s

)* (+.*( -( +/01
+)+234/4 +)" ( 2/+5/2/ 3 -
4(161(4

%

12

9 th NATIONAL CONGRESS ON THEORETICAL

AND APPLIED MECHANICS




1'$$ % &
$( $

5 #

( (

8 o/ 7
6+"2, $99:%

99 0 ;3

% (# )

< # )

(#

% (#

*+88(.$- '+

6"

9 th NATIONAL CONGRESS ON THEORETICAL
AND APPLIED MECHANICS




*+88(.$- '+

51/2"/)0 = "+ +5+4 -
>+, 24
(Il 1< " 46(/ I-)
1) 22/0) " 46(/ I-)
0)(+/)- = (124
I+ 2/6+/-)4 -)* >+,24
? - I8+ 1)

* +$ $ (l ’$ _ 1 +.
51/2"/)0 = "+ +5+4
> (4 @@A
$

%

>>

BB

9 th NATIONAL CONGRESS ON THEORETICAL

AND APPLIED MECHANICS



*+88(.$- '+

*+88(.$- '+

N1 "a6( -(4
) 5 +
)

-1 1 "46(/ -(4:6-)6214/-)4
$
$ %

%

9 th NATIONAL CONGRESS
AND APPLIED MECHANICS

ON THEORETICAL



*4+$$ (8- '+

0)(+/0 = (124

: 2 B @@A
+ 2 4
0
4 4 )
DD ) ) 0o +
$ 4 :

%

*+5$(.$- '+

9 th NATIONAL CONGRESS ON THEORETICAL
AND APPLIED MECHANICS

10

10



| 6-)621"

? - 1/8+/-)
$/

%
%

$ D

*+88(.$- '+

- 1424211)

%

D %

$0'. &

I (%% (
$

9 th NATIONAL CONGRESS ON THEORETICAL
AND APPLIED MECHANICS

11

11



| (%% (  $(0°'.
& $
#) “a6(/ )
4
4

51 6-12"*=(4124 (-,
(104-)(+24(161(4

| (%% (

$0'.& $
" # % % &
() # # ! "
! ' **

-&1 -
# #1 I &
/ %' 0

9 th NATIONAL CONGRESS ON THEORETICAL

AND APPLIED MECHANICS

12

12



| (%% ( $ (0
$
#
#
12
12

. &

| %% ( $

48
@@A

' 4

*G

sm {Ds,N}

#
E

E,n C, so

s, (Mpa) =52492N "+ 2148

5, =Sp(R=-)*a az(l-s,/s,)

9 th NATIONAL CONGRESS ON THEORETICAL
AND APPLIED MECHANICS

13

13



I (%% (
&

%
%
%

$ @'
$

Elementary Detail

Real Structure

Mobile windows

W

9 th NATIONAL CONGRESS ON THEORETICAL

AND APPLIED MECHANICS

14

14



| (%% (  $(0".

| %% (  $0".
& %

2 ( 2

!/ $%

2 parameter random loading (/,, /,)

9 th NATIONAL CONGRESS ON THEORETICAL
AND APPLIED MECHANICS

15

15



| (%% (  $(".
& $

$%H

I 6 " H

-1l ()6 5 *)
2 + 3

((+$

| (%% (  $(".
& $
? ., # |

&K

».

9 th NATIONAL CONGRESS ON THEORETICAL
AND APPLIED MECHANICS

16

16



-
| #
= @A
| #
45
™.
6 $7 8('% '( +
= #
/
* 2-+")04 +( K1/<+2) @ A
4+, $ %
4+,
o =
Kp Yy
L
™.

9 th NATIONAL CONGRESS ON THEORETICAL
AND APPLIED MECHANICS

17

17



6 $7 8(% '( +

s, : local stress at level of friction block

S3=S-Ya a : local displacement of friction block,
Ya = ha S :endurance limit
g =a s : applied stress

(0]

,: global plastic strain

<

. transformed internal parameter

6 $7 8(% '( +

$6 . @% Ls % (@%$s Es
6 " #
# t
t)= |e_(u)du
epcl) J .0
5 6
€, =€), +2DN|De,|
(Ds >2Sif plasticshakedown) Ds
Ds =2S+hDe,
_ a0
Ds, =25+ h(e, - )
2s
s(t)=C,- Ds. +L(t)Ds,
With L (t) 0® 1then1® O DN

andDs, 2 2R

%:; %

9 th NATIONAL CONGRESS ON THEORETICAL

AND APPLIED MECHANICS

18

18



7%
" " 4 4 +1:22

24 B
$ @ !MN ?%

Chargement Contrainte
Nombres de cycles initiaux du bloc 14200
Facteur multiplicatif de I'amplitude 4
Extraction RAINFLOW-Seuil d'extractign  Ds=360Mp:
Nombre de cycles aprés extraction 76
CALCUL DE DOMMAGE
Comptage Rainflow : cycles extrait 76
Nombre de cycles a la fatigue 77000
EXPERIENCE
Contrainte moyenne sur la réponse néant
Contrainte moyenne sur le chargement] >0
Essai courbe cyclique npn
Essai courbe de fatigue ui
Nombre de cycles a la fatigue 62000<Nf<98000
Nombre de blocs a la fatigue 817<Nb<1p94
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pc
eq real Any
P= epc(k) - epc (1) +1 N 5
Woehler real
Q I:bpc 1000 48.4176
§ - 015
Sa=212N
S min S max Sm Ds/2 NR (Woehler)
-459 273 -93 366 131023
epceq(l) DQ)ceq epcreal(l) Dq)creal epceq(k)
1 1.6] 33.033[ 33.03 1599.4
Nb‘OCEDF bloc = Nwoehler* P/k
6653.3 6343.816
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enc(K) = epe(1) + (k-1)Depe

pc
eq real Any
P= epc(k) - epc (1) +1
Woehler — Derea k- &
pc 1000 | 39.0729

s,(Mpa) =52492N" %+ 2148

s,=5p(R=-1*a az(l-s,/s)

Before correction After correction
S min S max Sm Su Ds/2 Ds/2 NR (Woehler)
-501 297 -102 650 399 344.8803 144598
&e"'(1) | D™ |en™(1)| Dge™ & "'(K)
1.1935] 1.8839| 48.197| 48.2 1883.181
NmocEDF bloc: Nwoehler* P/k
7840.0 5649.85

Goodman

ereal (P) = ereal (1) + 03_ 1) [B:)ial

enc(K) = epe(1) + (k-1)Depe

Nooc Nbloc = Nwoehler* P/k
817<N<1290| 776.7585

pc pc
eq real Any
P= epc(k) - epc (1) +1 N -
real
@ De,.c 1000 | 31.1554
s, (Mpa) =52492N"%%+2148 / Is.)? =1
(Mpa) = : Salsi- (sn/sy) =
Before correction After correction
Gerber
S min S max Sm Su Ds/2 Ds/2 NR (Woehler)
-331 551 110 650 441 530.8333 24932
(1) | Dge™ e (1)| Dge™ &c"(k)
1.4473| 2.2452| 72.038[ 72.04 2244.363
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5.2 Multi-axial random loadings

5.2 Multi-axial random loadings
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5.2 Multi-axial random loadings level
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6. PARTICULAR EXAMPLE

Mesh and regions of Detail No. 20

6. PARTICULAR EXAMPLE
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6. PARTICULAR EXAMPLE
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DATA BASE
Categories:

Actual winners:
Classified winners:
Actual losers:
Classified losers:
True positives:
False positives:
True negatives:
False negatives:
True positive proportion:

False positive proportion:

PRODUCTION BASE
Categories:

Actual winners:
Classified winners:
Actual losers:
Classified losers:
True positives:

False positives:

True negatives:

False negatives:

True positive proportion:

False positive proportion:

SIZE=4

C1
786
688
56
154
681

49

105
0.866
0.125

C1
154
129
13
38
123
6
7
31
0.799
0.462

ElasticSimulations

c2
56
154
786
688
49
105
681

0.875
0.134

c2
13
38
154
129
7
31
123
6
0.539
0.201

SIZE=8

C1
801
709
51
143
700

42

101
0.874
0.177

C1
160
141

27
136

24
0.85
0.625

c2
51
143
801
709
42
101
700

0.824

0.126

c2

27

160

141

24
136

0.375
0.15
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SIZE=4 SIZE=8

DATA BASE

Categories: Cc1 c2 Cc1 c2
Actual winners: 921 52 678 36
Classified winners: 717 256 620 94
Actual losers: 52 921 36 678
Classified losers: 256 717 94 620
True positives: 711 46 617 33
False positives: 6 210 3 61
True negatives: 46 711 33 617
False negatives: 210 6 61 3
True positive proportion: 0.772 0.8846 0.91 0.9167
False positive proportion: 0.1154  0.228 0.0833 0.09

PRODUCTION BASE

Categories: Cc1 c2 Cc1 c2
Actual winners: 543 0 306 0
Classified winners: 349 194 264 42
Actual losers: 0 543 0 306
Classified losers: 194 349 42 264
True positives: 349 0 264 0
False positives: 0 194 0 42
True negatives: 0 349 0 264
False negatives: 194 0 42 0
True positive proportion: 0.6427 ? 0.8627 ?
False positive proportion: ? 0.3573 ? 0.1373

=8

More experimentaltests are
needed!

Linking automatic learning optimization techniqueswith
mechanicalexpertise

ACTUAL APPROACH ==>

DESIGN OF THE FUTURE !
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