This article was downloaded by:

On: 22 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

. The Journal of Adhesion

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453635

oty Strength Predictions in Bonded Joints-Current Thoughts and Research at
the University of Bristol, UK.
R. D. Adams®

* Department of Mechanical Engineering, University of Bristol, Bristol, UK

To cite this Article Adams, R. D.(1992) 'Strength Predictions in Bonded Joints-Current Thoughts and Research at the
University of Bristol, U.K.', The Journal of Adhesion, 37: 1, 47 — 50

To link to this Article: DOI: 10.1080/00218469208031248
URL: http://dx.doi.org/10.1080/00218469208031248

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713453635
http://dx.doi.org/10.1080/00218469208031248
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14:13 22 January 2011

Downl oaded At:

J. Adhesion, 1992, Vol. 37, pp. 47-50

Reprints available directly from the publisher
Photocopying permitted by license only

© 1992 Gordon and Breach Science Publishers S.A.
Printed in the United Kingdom

Strength Predictions in Bonded Joints—
Current Thoughts and Research at the
University of Bristol, U.K.

R. D. ADAMS

Department of Mechanical Engineering, University of Bristol, Bristol, UK

(Received August 23, 1991; in final form September 12, 1991)

INTRODUCTION

Our basic aim is to devise methods of predicting the strength of adhesively-bonded
joints. We recognise that to do this on a full scientific basis, using a combination of
material science and advanced numerical analysis for stress and strain analysis, is
only possible in a university or advanced industrial laboratory.

As applied scientists, we see this process as germane to our activity. But as engi-
neers, we also see the need to transfer this knowledge and understanding to in-
dustry.

But let us see things in perspective. The number of finite elements we use in our
mathematical analysis for a single joint is of the same order as is used by an automo-
bile manufacturer to analyse a complete car!

We are therefore in a dilemma. Using the old-fashioned closed-form algebraic
analyses based on the classical work of Volkersen' and Goland and Reissner? in-
volves simplifications so great that reality is lost. But to advocate the blanket use of
finite element analysis is equally futile as the learning-curve is long, the cost is high,
and, unless great care is used, the results are no more useful than the algebraic
methods.

The basic problem is that in all practical joints, a stress concentration exists. At
a square or sharp corner (if one exists!) the stress is infinite. Even adhesive plasticity
does not help as this only reduces the problem to one of infinite strain. We cannot
use fracture mechanics as there is no crack present. To postulate the existence of a
crack which allows data-fitting is to debase the problem to one of empiricism. And
then what length of crack do you assume for some other adhesive or joint geometry.
Is the assumed crack length affected by such uncontrollable variables such as bond-
line thickness?

In effect, we have to look at the challenge from several directions. First, we
recognise the importance of a powerful finite element analysis. Second, we need
reliable data (adhesive properties) to put into that analysis. Third, we need to iterate

47



14:13 22 January 2011

Downl oaded At:

48 R. D. ADAMS

between the predictions of the analysis and experimental results on real joints in
order to prove that the failure predictions work. The essence of our work at Bristol
is to bring together these three elements in an interdisciplinary approach in order
to develop a rational methodology for predicting joint strength.

And how is that to be applied to the design and use of adhesives in industry?
First, we need a simplified analysis procedure—but how simple? Second, we need,
as before, reliable adhesive properties. Finally, we have to correlate with experi-
ment to prove the validity of the simplified analysis. The secret is the degree of
simplification. This can only be satisfactorily determined by studying the results of
the scientific investigation. In other words, technology transfer can only be achieved
when the fundamental scientific background is fully understood and verified by
experimental results. As stated by Sharpe®, the breaking strength of an adhesive
joint is determined by the mechanical properties of the materials used, the geom-
etry, the interfaces, and so on. Fortunately, for the vast majority of well-made
structural adhesive joints, failure takes place within the adhesive, which we can
characterise, rather than at the interface or in the interphase, the properties of
which are difficult to measure.

So how are we tackling this problem with the resources available? I give below
details of some of the recent and current work at Bristol which is helping to achieve
our objectives.

Finite Element Analysis

We started work on this in 1970, when it was normal to write your own programs for
computers which were slow and were often card-fed! Since then, we have progressed
enormously with the advantage of cheap, fast, and accurate computers. You should
realise that your modern personal computer is similar in performance to the main-
frame we had in 1970! Today, it is easy to buy a wide range of software for finite
element analysis, although there are still advantages in writing your own dedicated
software for specific work such as on adhesive joints.

The paper published by Harris and Adams* was on lap joints and was based on
earlier work by Peppiatt, Coppendale and Crocombe. The importance of treating
the finite element analysis is a problem in non-linear mechanics (owing to joint
rotation) as well as non-linear material properties. It illustrated the problem of
defining not only adhesive yield in a complex stress system, but also of defining
adhesive failure.

Harris’ work was developed into a study of the stresses and strains around the
corner of the unloaded adherend.’ It was shown that tiny modifications to the corner
geometry had an enormous effect on the stress and strain concentrations. Further,
adhesive plasticity also had large influences. This work was continued by Chen and
Zhao.

The bonding of composites presents a special problem because of their anistropy.
In the direction of the fibres, composites are strong and stiff, but in the direction
normal to the fibres, the tensile strength is similar to or less than that of the matrix.
We published a paper on this® in conjunction with Kinloch. The finite element
predictions and adhesive property measurements at Bristol were compared with
some experimental results by Kinloch and it was shown that greatly increased lap
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joint strength was possible by shaping the ends of the joints. Subsequent work
at Bristol showed a five times increase in joint strength for a variety of single lap
joints. The essence was to remove the initial failure from the composite to the
adhesive by reducing the transverse stresses in the composite. (Similar mechanics
apply, of course, to the bonded tabs on the ends of composite unidirectional tensile
specimens).

Another feature of carbon-based composites is the low coefficient of thermal
expansion in the fibre direction. This can lead to substantial thermal stresses both
in manufacture and in usage. Recent work at Bristol by Mallick has shown the
magnitude of these stresses. Mallick also developed some new software for joints
involving composites. Other work was done by Al-Hamdan partly at Bristol and
partly at the University of Kuwait.

Zhao has developed the work of Harris and has also given a treatment of the
three-dimensional stresses in joints. These exist owing to the differential strains in
the adhesive and adherends, and because of Poisson’s ratio effects.

More recent work by Grant has been towards the effects of other than tensile
loads on joints, and in the analysis of other than lap joints. One feature has been
the enormous reduction of lap joint strength (nearly four times) for thick glue lines
(3 mm compared with 0.1 mm). Is this well known? It is certainly an important
result.

Static and Impact Loads

We have developed apparatus to measure the impact as well as the static adhesive
properties (stress vs strain). These properties have been used in the finite element
programs to predict joint strength when failure takes place in a few milliseconds
rather than a few minutes. The question here is how do bonded joints perform in
structures, particularly automotive, during impact. The essence is that the strongest
joints are made with non-ductile adherends, but these do not absorb any significant
energy by plastic deformation. Judicious choice of adhesive and adherend can op-
timise impact and static behaviour.

Nondestructive Inspection

Work with Cawley when he was at Bristol and subsequently at Imperial College,
London, involved nondestructive testing of composites and adhesives. The results
of this collaboration have produced a commercial instrument, the Tapometer, which
is, in effect, a smart coin. The principles are described in reference 7.7

In addition, the Fokker Bond Tester was analysed and certain comments were
made about its operation.®

CONCLUSIONS

We are attempting to predict the strength of joints from first principles, and to
transfer this understanding to industry. In twenty years, we think we have a good
understanding, but this is still not sufficiently exact. Tempus fugit.
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