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Cylinder model
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« Consider a cylinder of radius R which, under static loading, rolls in a
clockwise direction on a horizontal surface.

« The lower layer is fixed. The upper layer adheres to the surface of the
cylinder at the contact point, C and remains adhered.

 As the cylinder rotates and the contact point advances as the cylinder rolls
along the horizontal surface the angle swept through by OA is the rotation, 6,
of the cylinder.

Upper zero-thickness layver
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Lower zero-thuckness layer s
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Constitutive laws

1- Bilinear constitutive law K is the stiffness: K = 0o, /6,

Damage, D, is defined so that for the undamaged state it is equal to
zero and for the failure state it is equal to unity

—— 0=Ko 0<0<9, D=0
* 0'200(;"__;) 0, <0 <0, 0<D<1
s -~ o0=0 5, <0 D=1
0.0,

The critical energy release rate: ‘ G, = 5



In fatigue problems two components of damage are considered

1-Static damage — D,

2-Fatigue damage — D;

Stiffness degradation based static damage

In this approach the static damage, D, , can be considered a measure of the degradation
of the initial stiffness

c=@1-D,)Ko
D, can be written as
(0 0<5 <6,
DS:<(5_5OJ 2 O, <O <0,
s )\ o, -6,
1 5>,



Static and Fatigue degradation strategies

O Rate of change of the static damage

D, _ %0 52 Oy <O <0,
ot 5.-6,0

5 _p - %% (1 1
SN+AN sN 5(; _50 5N 5N o

First strategy

[ Fatigue damage Strategies Second strategy

Third strategy
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First strategy

Fatigue rate is

1+
Increment of fatigue damage D, .. — Dy =AN Lewﬂ (_ﬂJ
" 1+

The increment of total damage due to an increment of the number of cycles (AN) is

+p
Dy -D =% [1 1 ) N C o[
e " 50_50 5N 5N+AN 1"',8 )

c
static fatigue

Dﬂ =(1—u)Dy +uDy

5/1 = (L= )0y + pd\, an
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Second strategy
Failure elongation of a spring in each increment of load cycle, AN , is a function

of displacement as follows

) N+AN :5CN -B (5N+AN _5o)n AN

c

O.naan - 18 the failure displacement of a spring after N +AN load cycles

B, n: Constants related to the material behaviour ;



The total damage at the end of each load cycle increment can be obtained as

5 GO [1_ 1 j
e 5CN+AN_5O 50 5N+AN

Accordingly, the total damage increment in this approach is given by

D —D _ 50§CN+AN 1 . 1 . 5050N 1 . 1
el " 5CN+AN _50 50 5N+AN §CN _50 50 5N

In the above formula if AN =0

D _D — 505CN i_ 1 _ 5050N i_ 1 _ 5050N 1 _ 1
e " 5cN _50 50 5N+AN 5CN_5O 50 5N ?cN_5O 5N

5N +AN

Static Damage
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Third Fatigue strategy
It is assumed that the fatigue damage term has an expression as

. oD "
D,=——=A °
oN S

C

) 5. O

C C

N+AN 5P m’
j L dN ~A' AN 1(5 +5N+AN)
ON 2

A" and m' are constants related to the material behaviour
5N AN - displacement of each spring after N + AN load cycles
The increment of total damage due to an increment of the number of cycles (AN) is

D, . ~D, = 0,0 1_ 1 © AAN 1(5 5N+AN)
5(:_50 5N 5N+AN 20, 0,

C c
e Y
static fatigue 11




Examples of fatigue behavior simulation

R=100mm Gc=0.26J)m* ¢, =0.017 mm
Al =0.005mm AN =100
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This Problem has been solved by an Intel(R) Core(TM) i7-2600K CPU @ 3.40GHz machine
and the computational time reported are based on the CPUsec of this system
First Approach : 67.92 CPUs

Second Approach: 59.45 CPUs
Third Approach: 57.00 CPUs 12
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We compare the performance of the three fatigue degradation strategies when used
with a variable G (i.e a M, in the case of the cylinder model).
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The three fatigue degradation strategies seem to have a very similar behaviour:
1) Provide the same slope Xcon vs N

2) Provide similar curves 9/00 vs §/5, 4

— =

3) Provide similar curves Xcon vs N with variable G/ A

Let us now compare how they perform by varying A/ and AN. ”



O ‘Exact slope’ (dX_,,/dN) computed numerically using a small
value of 4/ (=0.005) and 4N (=100).

L The value of the ‘exact slope’ is the same for all three
formulations.

Error plots for first fatigue Law
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Error plots for second fatigue Law
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Error plots for third fatigue Law
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Therefore, the simple cylinder model seems to suggest that the third fatigue

law is preferable



Peridynamics implementation of the fatigue model

The peridynamic static equilibrium equation is written as

0= [f(u(k,D)—u(x,t),x—x)dV, +b(x,t) for xeQand te[t,t]
H

The stretch of the bond can be expressed as

s[5+ ml-fg g=%-x
|§| n=u(x,t) —u(xt)

The pairwise force function f and the stretch s are related as

f CSu(&)‘" E‘NCS/J@)E‘
1 » Active bonds

(&) =

0 » Broken bonds

19



The micro-modulus C in terms of the Young’s modulus E

and of the horizon radius s

C= fE > Plane stress
12E T
€= 7 3D case C= 48E Plane strain
7o | 5xt, 50

Nonlinearity of the model

Magnitude of the bond force f vs bond stretch s for Elastic-progressively damaging
material

S A
5G
S, = & 3Dcase
i 472G
| S, = "0 Plane stress
S Sc 8 S, = TG0 blane strain
12E6

G, Isthe energy required to start the damaging process.

S

G s
"G, s, 20



Using a bilinear constitutive law, one may define the pairwise force
function magnitude

f(s)=cs 0<s<s,
f(s)=c(1-D)s s,<s<s,
f(s)=0 S>S,

Double cantilever Beam Peridynamic Example
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Crack Length [m]

In this example, the crack length with respect to the number of load cycles, N,
Is computed by using the three fatigue strategies

First Law
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U Both the cylinder model and the DCB
discretized with the peridynamic based
code confirm that the third law is the
best of the three considered in the
present work because it Is more stable
with respect to the variations of the
discretization parameters and it is
cheaper from a computational point of
View.
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Conclusions

O We compare three fatigue degradation strategies to be used in the simulation of fatigue
crack propagation.

O A one degree of freedom cylinder model is used to carry out an efficient comparison of
the computational performance of the three fatigue degradation strategies. Then the three
laws are implemented in a code using bond based peridynamics to simulate fatigue crack
propagation

O The third fatigue degradation strategy is the best, among those investigated, for being used
in BBPD codes.

O The cylinder model appears to provide reliable indications about the computational
performance of the fatigue laws.
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