FFW 202 6 Parametric Numerical Framework for Functionally Paper ID:

Fracture Fatigue and Wear Graded Adhesive Joints under Adherend Stiffness FEWIST
~ Mismatch

/ e,
I

GHENT Yanan Zhang, Magd Abdel Wahab
UNIVERSITY Soete Laboratory, Ghent University, Belgium

\ /

Field-variable assignment through FV = y(x)
Introducti
n rO u'C lon Overlap coordinate Field variable Cohesive material
x/L g FV=w(x) > properties from FV table
FV=0:Pl10-dominant ends FFV=1: R510-dominant center 0<FFV'<1: interpolated gradient
: : . : 1 : Step EEEEEEEEEENEEEEEEEEEENENEEE e elements
Adhesively bonded single-lap joints are widely used in lightweight and Double-sigmoid QT —— colored by 17
multi-material structures, where adherends often exhibit different stiffness a - - o —
. . Normalized overlap position, x/L
levels. Such stiffness mismatch can strongly atfect load transfer, stress Piccowiae-constant EV assianment
concentration, and damage initiation near the overlap ends. = T RSi0cemer ~ |
z 0.5 : :
. . . . . P10 ends | | = = Step assignmen
Functionally graded adhesives provide a promising strategy to tailor the Y S | | Ty g
local mechanical response of the bondline. Instead of using a uniform | |
. . . . . Continuous FV assignment
adhesive layer, the adhesive properties can be spatially varied to control _10-
stress redistribution and damage development. S s
E ouble-sigmoid assignment, f=1.6
0.0 : i : : i :
In this ongoing study, adherend mismatch is treated as a design variable, 00 02 o4 O 08 10
. ) ] ] ] ] oo o ] Normalized overlap position, x/L

and the adhesive distribution is described within a unified parametric Figure.2 Field-variable assignment and cohesive property interpolation for continuously

framework. The objective is to develop a numerical methodology for graded adhesive joints

evaluating how graded adhesive distributions interact with adherend “ e o - | .

. . . . .. ! asymmetric step coverage: ettective load-displacement

stiffness mismatch in single-lap joints. Lsca0ras p-asr 178 Cocaas e e

15.01 —_ i;g:gig:iig lszfr'tn Itgl‘[{r;(;) extended
L10-C20-R20 E p. =-0.333 — == L25-C20-RS5 left PER20 max
' 12.5 1 P20 asymmetric step coverage: zoom near peak/drop
M th d L15-C20-R15 p.=0 @ 10.0 |
ctnoas g
1.20-C20-R10 i . =40333
: 5.0 1
L25-C20-R5 pe= 0067 | 23 / B s -_

» A two-dimensional finite element model of a single-lap joint is I PERAD buflr 3 K510 platfor \ 00- T . .
developed, with the adhesive layer represented by cohesive elements. 00 . o S N
The geometry and modelling procedure are kept consistent across all

. . . . . Pre-collapse cohesive S12 at F = 12000 N Pre-collapse cohesive S22 at F = 12000 N
cases to enable controlled comparison of adhesive distribution effects. || = S — I —————————————— YO p—
o | = L5 Conmis e :} _ zsx TR b
— =+ L20-C20-R10 left PER20 extended ay i =+ 1.20-C20-R10 left PER20 extended
» The adhesive distribution is described by a normalized spatial variable, A i 0 R i
20
P(x), defined along the overlap length. Through a field-variable-based g g
implementation in Abaqus, (x) is assigned to the cohesive elements o o
as FV, allowing local cohesive parameters, including traction stitfness, o. :
damage initiation strength, and fracture energy, to be interpolated :
from material property tables. ) -
0.0 02 04 06 03 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Normalized overlap position, x/L Normalized overlap position, x/L
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