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motivacion

- _ _ strain energy release rate
predict the structure toughness joint mechamcalrbehavwr in mode I, mode II and

mixed-mode I+ II

predecir la tenacidad de la estructura comportamiento mecanico de la union tasa de liberacion de energia de fractura
en modo |, modo Il y modo mixto (I+I1)
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problem definition

definicion del problema

Mode |
Mode I I

T Mode 1

Mode I 1|

determination of the strain energy release rate in mode |, mode Il and mixed mode | + |l

determinar |a tasa de liberacion de energia de fractura en modo |, modo Il y modo mixto [+l
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data collection

data analysis

recopilacion de datos analisis de los datos
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data collection data analysis

recopilacion de datos analisis de los datos
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data collection

recopilacion de datos

DCB
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data collection

data analysis

recopilacion de datos analisis de los datos
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data collection data analysis

recopilacion de datos analisis de los datos
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materiales y tecnologia

| modelo |
| creatividad |

experimental results
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SIMULIA
HABAQUS

DCB and ENF
(cohesive elements)

XIV Congreso de adhesion y adhesivos
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model - ABAQUS ©
modelo - ABAQUS®

bi-linear traction separation law DCB problem size in ABAQUS ©

Ley triangular de dafio cohesivo dimensiones del modelo DCB en ABAQUS ©
A
7 Number of nodes 100624
Number of nodes defined by user 100624
K
; Number of elements 87750
) A Number of elements defined by user 87750
,5, Al > Number of variables in the model 301872
cohesive law damage parameters ENF problem size in ABAQUS ©
parametros para la ley de dafio cohesivo dimensiones del modelo ENF en ABAQUS ©

R A 92199

Nominal Stress Normal-tensi 21.64 M
L L - Number of nodes defined by usel 86547

Nominal Stress 1* direction 17.9 MPa
Number of elements 79380

Nominal Stress 2™ direction 17.9 MPa
: Number of elements defined by user 76551
Damage Evolution 2

Normal Fracture Energy 0.43 N/m Internal nodes generated by

Shear Fract. Energy 1* Direction [ENAN Internal elem. generated for contact  PAp/3
Shear Fract. Energy 2" Direction [ENAN Number of variables in the model 268128
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model - Solidworks ©

Connectors ? |

@ X 42 modelo - Solidworks®

(e 50

Message ®
Springs between two faces only act on
those portions of the faces that project
to each other,

Type &
T [seing -

@E ||

@) Flat parallel faces
() Concentric cylindrical faces
() Two locations

D I Face<1>@upper_harm-1

@ I Face <2>Elower_harm-1

nélun[- T Solidworks ® mesh characteristics
SI -

© Distributed propiedades de Ia malla en Solidworks ©
@ Total
2 40 - Mesh type Solid Mesh
& w0 * Njm Curvature based mesh
() Compression preload force 4 Points
@ Tenson prekod force 721293 mm
- 144259 mm
———— = High
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model - Solidworks ©

modelo - Solidworks®

DCB problem size in Solidworks ©

DCB and ENF dimensiones del problema DCB en Solidworks ©
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model - Solidworks ©

modelo - Solidworks®

ENF problem size in Solidworks ©

(spring connector) dimensiones del problema ENF en Solidworks ©

DCB and ENF

von Mises (Nn"2)
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153618.384,0
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Total Elements 10478
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materials and technology

materiales y tecnologia

Steel properties used for substrates and Jig base

propiedades de acero utilizado para sustratos y base del aparato

AISI P20

290/330

Yield Stress (MPa 640

Ultimate Fracture Stress (MPa 993
DIN CK 45

Hardness (HB) 170

Yield Stress (MPa 323

Ultimate Fracture Stress (MPa) 578
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technical drawing
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model - ABAQUS ©
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model - ABAQUS ©

modelo - ABAQUS®

trapezoidal traction separation law

ley de dafo cohesivo trapezoidal

Tia Pure-mode

/ model

G,.c(f =1L
Oui |

Mixed-mode

Oum,if model

Bui 8

cohesive law damage parameters

parametros para la ley de dafio cohesivo

Elastic properties Cohesive properties
(Steel) (Adhesive)
E G ul oun Gre Gre 1 S
(GPa) (GPa) (MPa) (MPa) (N/mm) | (N'mm) | (mm) | (mm)
210 80.77 23 23 0.6 12 0.0187 | 0.2062
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verification

verificacion

Different scenarios used for the fracture envelope

calculation

Diferentes escenarios utilizados para el calculo de Ia
envolvente de fractura

Jig arrangement

Scenarios s, (mm) s, (mm) s;(mm) s;(mm)

P2 120 40 160 -120

P4 60 80 140 60

P6 40 40 80 100
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data analysis

Obtained from the  gptained from LVDTs attached
Universal Testing to each specimen beam Geometry & Material

Machine analisis de los datos
displacements § §¢,5,,53, S4

01, 0 B,h E, G

load components
displcacement
components

E ﬁ - B 1/3 %‘ §_
o 8 - ~ 6LL, 2BIPE 2LL £ €
5 a“_“ Y SBhG(2L-L)) 3 3 } S 3
P (2a; 1 2 o
GI = 6 21 231 + G. = 9PH Uenr Chaves et al., Engineering
B°h\ h"E 5G L 213 Fracture Mechanics. 2013, Vol.
AB°WE
107, pp.38-47
Mode 1
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verification

verificacion

Fracture envelope for the seven scenarios considering the linear ( * ) and quadratic ( O) criteria.

Envolvente de fractura para los siete escenarios considerando el criterio linear () y cuadratico (a@).
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| solucion |
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patent pending

pendiente de patente
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experimenting

: S experimentar
Load vs. Displacement curves for a y = 85° combination

Curva de Carga vs. Desplazamiento para la combinacion y = 85°

18 - - 5000
4500
16 - 4500
-~ 4000
14 - - 4000
P v 3500 - \
— | L - 3500 \
E # \
= & - 3000 3000 - AR
2o & )
3 &~ L9500 o Z 2500 -
k] Z =
g 8 =
] / 2000 2000 -
a
6
A - 1500 1500 |
4- — -LVDT1 (81) - 1000 1000 -
) ] ceeeLVDT2 (5)) —— Experimental
/ 500 500 4 .
—F = = Numerical
0 = : 0
0 2 4 6 8 10 12 0 ‘ ‘ ‘ ' ‘ ‘
0 2 4 6 3 10 12

R
Wzarctan(M); v = arctan _3@ 8 5 0

X1V Congreso de adhesion y adhesivos aimen | SPAIN 2013.27.09



Fracture envelope for three experiments

Envolvente de fractura para tres experimentos.
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Load vs. Displacement curve for “classical” DCB and SPELT DCB

Curva de Carga vs. Desplazamiento para el DCB “clasico” y el DCB con SPELT
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----- DCB (da Silva, Esteves et al. 2011)
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the development of the testing apparatus benefited of a design methodology based in

numerical simulation using Finite Element Analysis

El desarrollo del aparato de prueba para la evaluacién de la fractura en modo mixto | + Il de conclusiones

las uniones adhesivas ha beneficiado de una metodologia de disefio basada en simulacidn
numeérica usando analisis de elementos finitos.

validation prior to manufacture, avoided errors and allowed optimization of materials and
parts geometry

Esta metodologia permite la validacion antes de |a fabricacion, evitando errores y también permite la optimizacion de
los materiales y la geometria de Ias piezas.

while at simulation stage a data reduction scheme that improves the efficiency of the test
was also developed benefitting of the same design methodology

Mientras recorria la etapa de simulacién también se ha desarrollado un esquemna para tratamiento de datos que mejora Ia
eficiencia del experimento, beneficiando de la misma metodologia de disefio.

this data reduction scheme was first validated recurring to numerical results and later used
to analyze experimental data with good results

Este esquema de tratamiento de datos primero se validé con los resultados numéricos y después con los resultados
experimentales, reportando buenos resultados.

the apparatus was manufactured and used to obtain experimental results confirming its

adequacy and novelty for the adhesive joints mixed-mode fracture evaluation, allowing to
validate the data reduction scheme and obtain a full fracture envelope

El aparato fue fabricado y utilizado para obtener resultados experimentales que confirman su idoneidad y su novedad para
la evaluacion de modo mixto de las uniones adhesivas. Esto permitié validar el sistema de tratamiento de datos y obtener
una envolvente de fractura completa.
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