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ARTICLE INFDO ABSTRACT
Aracle bissery. This paper reparts the sumerical ;nnim of buth CARP/steel double strap joints with 1 and 3 CFRP lay-

Availabile online 14 December 3012

% pov shde 3t quasi-static and three dynasmic tensile loading speeds of 1.35, 443 and 5 m/s. Simulations
are implemenred using bath the imiplicic and explicit codes respecuvely using non-linear Arkte element

Erywords. {FE) package ABAQUS. In these analyses. failures of both CTRP sheet and adhesive are considered and 2
CFR shert cohesive element is utilised (0 modal the interface. The developed FE models for bath rypes of [aints were
:":H“"m validatend by comparing their quasi-static and dynamic findings with those abtained from previaus exper-
ol -8 imental program. This comparison includes four different variables such as the ultimate joint strength,
[ — - effective bond bength, failure parrern and strain distribution alcng the bond length, It was found that
FE models proved to be able to predict all these parameters for both quasi-static and dynamic analyses

and their prediction matched well with fest resubs.
© 2012 Elsevier Lud. All rights reserved,
1. Introduction element analysis of CFRP composite bonded to simply supported

In recent years. the outstanding outcomes of strengthening and,
or upgrading concrete struciures using the technique of adhesively
bonded carbon fibre reinforced palymer (CFRP) have attracted the
engineers' atiention to employ the same method for metal struc-
tures. However, in general, conducting experimental tests has
many drawbacks. These include cost, time, difficulties and limita-
tions in testing full scale members and the difficulties in imple-
menting 4 paramerric study on  different varisbles. These
shortcomings highlight the importance of developing finite ele-
ment models which are capable of predicting the behaviour of
the strengthened and/or upgraded structures. Therefore, finite ele-
mient analysis (FEA) has attracted an increasing demand to analyse
adhesively bonded joints since the composite materials have be-
come cormmon materials of strengthening andjor upgrading,

Some numerical studies have been successfully carried out (o
predict the static and dynamic behaviour and strength of adhe-
sively bonded joints of similar and dissimilar substrates under dif-
ferent loading conditions. Under static tensile loading, the
behaviour and strength of CFRP compasite adhesively bonded steel
plates were examined in [1-6]. Other studies numencally analysed
joints of similar adherends such as steelfstee] [7] aluminiumalu-
minium [&] and composite/composite [9-11]. In addition, finize
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strel beams under bending were also reported in Refs. [12-14]
and analysis for continuous beams were reported in |15, However,
the strength and bebaviour of structural joinrs such as the single
lap joints and T-joints, which were manufactured using rigid and
elastic adhesives, were experimentally investigated and compared
under static and impact loading | 16]. On the other hand, compared
to static loading. the dynamic bebaviour and strength of adbesively
bonded joints attracted limited attention in numerical studies,
These investigations included joints of different substrates such
as steelfsteel |17], aluminiumfaluminium [18] and composite/
composite [19). Numerical prediction of the dynamic srrength
and behaviour of joints of CFRP sheel bonded to steel plates has
not been reported in the literature. To cover this gap in kmowledpe,
this paper aims at investigaring the numerical simulation of CFRP/
double strap joints at quasi-static and the three dynamic laading
speeds of 335 mys, 443 m/s and 5 m/s using bath implicit and ex-
phicit codes in ABAQUS. Results of numerical simulations are com-
pared with experimental findings.

2. Summary of laboratory waork

A total of 160 CFRP/steel double strap joints were prepared and
tested ai quasi-sratic and three dynamic loading speeds of 3,35,
4,43 and 5 mys and this number included two types of joints with
1 and 3 CFRP layers per side. These joints were formed by banding
normal modulus CFRP sheet to steel plate using Araldite 420
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