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Failure of SEN concrete beam under asymmetric 4-point bending

Schlangen (1993) — “small” specimen, normal weight concrete

hydraulic actuator
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Failure of SEN concrete beam under asymmetric 4-point bending

Schlangen (1993) — “small” specimen, normal weight concrete
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Failure of SEN concrete beam under asymmetric 4-point bending

Schlangen (1993) — “small” specimen, normal weight concrete
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Failure of SEN concrete beam under asymmetric 4-point bending

Schlangen (1993) — “small” specimen, normal weight concrete
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Failure of SEN concrete beam under asymmetric 4-point bending

Peerlings (1996), Geers et al. (2000) — gradient-enhanced damage model for concrete failure
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Failure of SEN concrete beam under asymmetric 4-point bending

Peerlings (1996), Geers et al. (2000) — gradient-enhanced damage model for concrete failure
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Failure of SEN concrete beam under asymmetric 4-point bending

Peerlings (1996), Geers et al. (2000) — gradient-enhanced damage model for concrete failure
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Failure of SEN concrete beam under asymmetric 4-point bending

Peerlings (1996), Geers et al. (2000) — gradient-enhanced damage model for concrete failure
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Failure of SEN concrete beam under asymmetric 4-point bending

Peerlings (1996), Geers et al. (2000) — gradient-enhanced damage model for concrete failure
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Failure of SEN concrete beam under asymmetric 4-point bending

Peerlings (1996), Geers et al. (2000) — gradient-enhanced damage model for concrete failure
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Error-controlled adaptive simulations

B.C. rotating supports

deformation (exaggerated)
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Error-controlled adaptive simulations
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Intermezzo: mesh adaptivity (MA)

q(z,y) = Ae(=BrD) + Ce(=Dr3) + Esin(2e* 1Y) in [-1,1]2
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Intermezzo: mesh adaptivity (MA)

q(z,y) = Ae(=BrD) + Ce(=Dr3) + Esin(2e* 1Y) in [-1,1]2
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Intermezzo: mesh adaptivity (MA)

q(z,y) = Ae(=BrD) + Ce(=Dr3) + Esin(2e* 1Y) in [-1,1]2
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Intermezzo: error-controlled MA
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Intermezzo: error-controlled MA
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Intermezzo: error-controlled MA
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Intermezzo: error-controlled MA local error

indicators
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Intermezzo: error-controlled MA
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local error
indicators

error-controlled MA
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Intermezzo: error-controlled MA local error

indicators
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Error-controlled adaptive simulations

BEFORE damage initiation
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Error-controlled adaptive simulations

BEFORE damage initiation
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Error-controlled adaptive simulations

BEFORE damage initiation
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Error-controlled adaptive simulations

BEFORE damage initiation
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Error-controlled adaptive simulations

BEFORE damage initiation
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Ebar, Hon-local Equiv. Strain on the LEM right BEFORE damage initiation; max(Ebar) = £.01742e-05

AFTER damage initiation: adaptive remeshing w.r.t. £ evolution,
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Error-controlled adaptive simulations

BEFORE damage initiation
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Error-controlled adaptive simulations

BEFORE damage initiation
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Error-controlled adaptive simulations

BEFORE damage initiation
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Error-controlled adaptive simulations

BEFORE damage initiation
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Error-controlled adaptive simulations

BEFORE damage initiation
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Error-controlled adaptive simulations

BEFORE damage initiation
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Error-controlled adaptive simulations

BEFORE damage initiation
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Ebar, NHon-local Equiv. Strain on the LEM right BEFORE damage initiation; max(Ebar) = £.01742e-05
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Error-controlled adaptive simulations

BEFORE damage initiation
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Error-controlled adaptive simulations

BEFORE damage initiation

LSSy

Lussy

oo g

! . . ULEE F
s “ LKM, DOF: 29540 ** - s
, . z £

Ebar, NHon-local Equiv. Strain on the LEM right BEFORE damage initiation; max(Ebar) = £.01742e-05

<), [

AFTER damage initiation: adaptive remeshing w.r.t. £ evolution,
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Error-controlled adaptive simulations
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Error-controlled adaptive simulations
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Error-controlled adaptive simulations
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Error-controlled adaptive simulations

Damage evolution D(&) on a sequence of adaptive meshes
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Error-controlled adaptive simulations

Damage evolution D(&) on a sequence of adaptive meshes
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Error-controlled adaptive simulations

Damage evolution D(&) on a sequence of adaptive meshes
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Error-controlled adaptive simulations

Damage evolution D(&) on a sequence of adaptive meshes

Loading Step 5
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Error-controlled adaptive simulations

Damage evolution D(&) on a sequence of adaptive meshes

Loading Step 6
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Error-controlled adaptive simulations

Damage evolution D(&) on a sequence of adaptive meshes

Loading Step 7
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Error-controlled adaptive simulations

Damage evolution D(&) on a sequence of adaptive meshes

Loading Step 8
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Error-controlled adaptive simulations

Damage evolution D(&) on a sequence of adaptive meshes

Loading Step 9
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Error-controlled adaptive simulations

Damage evolution D(&) on a sequence of adaptive meshes

Loading Step 10 (my peak load)
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Error-controlled adaptive simulations

P, kN

P=37 kN (right before the peak load)
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Error-controlled adaptive simulations

P, kN

P=37 kN (right before the peak load)
_ CMSD, mm
Loading Step 10 (my peak load)
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[1,i+1]=[10,7] (D1)=0.752469 (D2)=0.950256 (D3)=0.442744 [10]=22000 [10]=0.00956051

not that “severe”




Error-controlled adaptive simulations

P=37 kN (right before the peak load)
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“Mesh sensitivity” (not in a context of a local model formulation)
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“Mesh sensitivity” (not in a context of a local model formulation)

P, kN
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Pre-Conclusions

e modeling the complete failure with the damage approach only is not adequate —
spurious damage zones (do they stand for cracks?)
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Pre-Conclusions

e modeling the complete failure with the damage approach only is not adequate —
spurious damage zones (do they stand for cracks?)

e damage model parameters, calibrated on fixed (coarse/fine, non-adaptive) meshes —
non-optimal set of parameters
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Pre-Conclusions

e modeling the complete failure with the damage approach only is not adequate —
spurious damage zones (do they stand for cracks?)

e damage model parameters, calibrated on fixed (coarse/fine, non-adaptive) meshes —
non-optimal set of parameters
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- Damage
10 Mechanics

Motivation and goal
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Motivation and goal peak load vicinity

S damage zones — crack nucleation

e transition from continuum damage to fracture\ energetic equivalence *

I
I
|
|
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! f
| 1 f
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| | 1 |
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10/ Mechanics |
| | 1 |
| ;
f 1 |
1 — — l‘ ........ I L — i i
0 0,01 0,02 0,03 0,04 0,05 0,06
|

*Mazars, Pijaudier-Cabot (1996):
From Damage to Fracture Mechanics and Conversely: a Combined Approach
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Motivation and goa

e transition from continuum damage to fracture

10

204

| Damége
Mechanics

‘Fracture
Mechanics

_—
.
o
bo
o
-
o
w
o
-
o
s
o
-
o
o

60



Motivation and goal

e transition from continuum damage to fracture
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100 Mechanics Mechanics
| | 1 |
| ;
; I s
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|

e |ower order elements (P1-triangles)
e error-controlled Mesh Adaptivity for the entire simulation process
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Error-controlled adaptive simulations

Parameters calibration

a = 0.96

B =100

kg :=6-107°
k:=15

c:=1-10"°5m?2

P, kN
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o 0,01 0,02 0,03 0,04 0,05 0,06
CMSD, mm
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Error-controlled adaptive simulations

Parameters calibration: quasi-optimal set
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Damage-to-fracture transition

-}
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Transformation of damage zones into equivalent cracks (Mazars, Pijaudier-Cabot, 1996):

damage energy v oW e
=—=—5:C:¢
area of equivalent crack release rate oD 2
D(x)
/ / _Y dDdz
A, = RJ0

Ge

N

threshold value of
the fracture energy
release rate




Damage-to-fracture transition

-}

0.05350 7 e
0.75
¥ oog
0.25
o
g
~0.0550] ;
0.0e0.220 0.9 0.220 O
D at [1,i+1]=[81,5] | max(D1)=0.671471 | max(D2)=0.938414 | max(D3)=0.328823 || F([81]=34600 N | CMSD[81]=0.0144586 mm

Transformation of damage zones into equivalent cracks (Mazars, Pijaudier-Cabot, 1996):

@ /—YDi(ac)d:c
A, =19 i=1,23

et ’ Ge

length of equivalent crack

@ Aei

equivalent crack geometry,
suggested by the damage
profile




Damage-to-fracture transition
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Damage-to-fracture transition
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Transformation of damage zones into equivalent cracks (Mazars, Pijaudier-Cabot, 1996):

@ /—YDi(ac)d:c
A, =19 i=1,23

et ’ Ge

length of equivalent crack

@ Schlangen (1993):

@ A,

equivalent crack geometry, @ 115.1 + 8.@
suggested by the damage

profile (90 = 230 N/m)
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Damage-to-fracture transition
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Error-controlled crack propagation

Loading Step O (peak load, already computed)

005535 1

£E

oy
o]
b
(]

55
5
=
d

s
T
b
A

R

Y 0.unI75]
P

s

Ve

&
e

00520

000222 -0LUOU5
2 A

PropStep=0 (The LKM deformed, DOF=4350)
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Error-controlled crack propagation
Loading Step 1
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Error-controlled crack propagation

Loading Step 2
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Error-controlled crack propagation

Loading Step 3
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Error-controlled crack propagation

Loading Step 4
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Error-controlled crack propagation

Loading Step 5
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Error-controlled crack propagation

Loading Step 6
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Error-controlled crack propagation

Loading Step 7
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Error-controlled crack propagation

Loading Step 8
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Error-controlled crack propagation

Loading Step 9
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PropStep=90 (The LKM deformed, DOF=8102)



Error-controlled crack propagation

Loading Step 10
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Error-controlled crack propagation

Loading Step 11
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PropStep=110 (The LKM deformed, DOF=11112)
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Error-controlled crack propagation

Loading Step 12
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PropStep=120 (The LKM deformed, DOF=7108)
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Error-controlled crack propagation

Loading Step 13
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Error-controlled crack propagation

Loading Step 14
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Error-controlled crack propagation

Loading Step 15 (we stop here)
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Error-controlled crack propagation

Loading Step 15 (we stop here)
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Schlangen (1993):
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Error-controlled crack propagation
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(DM framework)
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Error-controlled crack propagation

Secondary reasons for ?!:

e friction between the platens and specimen
is not accounted for

e J-integral computing may not be accurate enough
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Error-controlled crack propagation

More importantly:
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Error-controlled crack propagation

ﬁP

More importantly:
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Error-controlled crack propagation

More importantly:
117—F2
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Error-controlled crack propagation

More importantly:
117—F2
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Error-controlled crack propagation

More importantly:
117—F2
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Error-controlled crack propagation

More importantly:
117—F2

10

[1/5--2 ! F--]R-“J"II-ER 1 K
141 -

19 ‘"-,/'E'_z ‘oid, bottom; .
»
¥ |
Fidbw (0d, tcp) 5
101 o L 50 100 130

-

Fipfiam (0d, sottom)

"~~~ nbm. prop. steps
/‘\

" _ .
J‘ A T/ T (rew)
F./Fy foid, ‘oo

0 500 10920 1500 2000
62 (um}

P, kN

50

40

30

20

104

1 ¥ 1 . |

.01 ' 0,02 0,03 0,04

CMSD, mm

VAV N AAVAY N RN
AR RO

L SYAVaY

< KAk

o AW%I‘PVAK%%AW%%}E@Q’
s

)
A
i AVAVAVAVAVAVAVAAVACAYS St
Qgﬁﬁ%ﬂmw;wmmgge}gg !

%p‘,&'&sﬁfﬁ%ﬁﬁ!&%ﬂﬁmmmmmm._.,.. :




Error-controlled crack propagation P KN
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Conclusions:
1. Correct qualitative prediction of
- crack(s) nucleation, and
- propagation
2. Simple, affordable and efficient manner
3. Failure in quantitative description

in the post-peak regime (inappropriate
choice of a framework)

Schlangen (1993):

Computed crack pattern:
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