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ABSTRACT

The performance of adhesive bonded components andsdpathe aviation industry has varied
significantly, resulting in a perception that adhesieading may not be reliable. The authors suggest
that adhesive bond failures require closer scrutirgcturately assess the causes of these failures as in
recent history they have not received the sameaigoinvestigative scrutiny usually associated with
fracture of metallic or mechanically fastened struegurCurrent poor understanding of adhesive bond
failures in some areas of the industry has resultezbine defects being attributed to causes which,
under closer investigation, are shown to be totalfglated to the true cause of the failure.

The consequences of incorrect identification ofddeses of adhesive bond failure include:

Failure to correct defective bonding processes dureugufiacture.
Use of inappropriate test methods for qualificatiobafding processes.
Continued use of inappropriate certification test mettfod bonded structures.

This paper will present various failure mechanisms aed most probable causes together with case
studies on how to identify the causes of bond failmwenfpost-failure evidence. In most cases failures
are directly related to processes used for initiatlpcton of the bond and are unrelated to the service
loads. The authors recommend that adhesive bonddsihe treated in the same rigorous manner as
applied to metallic failures to ensure that the teauyols applied correctly by the use of proper design,
certification and production methodologies.
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INTRODUCTION

Adhesive bonded aircraft structures and joints haveodstrated considerable variation in their
reliability of service performance. The failure tooguise the cause of such bond failures has meant the
continued use of deficient bonding processes both irufaature of defective components and the use
of poor repair technology [1, 2]. Further, the lack wdwledge of bond failure mechanisms has resulted
in inappropriate test methods being used to assisttiealaf bonding materials and processes. This
paper will address the essential elements of adhbsiding technology and will present examples of
bond failures which characterise the results of inapmtgpbonding practices, based on extensive
service experiences with bonded panels and repairs.objeetive is to encourage better bonding
practices by identification of the real causes of adkebond failure and to refute many fallacies



frequently used to explain unexpected bond failures. Ctletification of the failure mode plays an
important role in determining the cause of bond failure

ADHESIVE BOND STRENGTH AND DURABILITY

There are four basic theories of adhesive bonding @wattribute adhesive bond strength to; surface
roughness, diffusion of the adhesive into the bondiogface, weak molecular attraction, or a
combination of weak molecular attraction and chenticaids between the adhesive and the surface of
the adherends. The latter theory listed is commé&ntywn as the adsorption theory and is the most
widely accepted. Adsorption theory can be used to peoxignechanistic explanation for short term
(initial) bond strength, while the gradual degradatbthe chemical bonds by hydration of the interface
[4] (due to poorly prepared adherend surfaces) suggestaattesive bonds may initially demonstrate
high bond strength but have poor service durability.

A major contributing factor to poorly performing adivesbonds is the failure of many production
organisations and regulators to differentiate betwmamd strength and bond durability. Almost all
bonding shops rely on strength tests (e.g. the laprgbsets ASTM D1002) as a quality assurance test
for bonding processes. Some researchers [5] haveusesh such tests for selection of appropriate
surface preparation processes. Strength and fatigsentest show that the bond strength is adequate
and that the structure is sound and has sufficiegiuiatiesistance at the time of testing, but they do not
verify that the component will be durable throughousésvice life [6]. Bond durability is dependent on
the resistance of the adhesive-to-adherend intetia@ttack by water. The resistance to hydration is
established by the process used to prepare the surféeeastherends for bonding.

The diligence in which this process is performed ahd adequacy of the process for the
adherend/adhesive/environment combination influemeg@érformance of the bond:

A badly prepared or contaminated surface will not benatedly active and prepared to form
the required chemical bonds with the adhesive. Sustrface will exhibit poor short term
strength and exceptionally poor durability and can betiited by lap-shear tests performed
as a quality control measure.

An inadequately prepared surface may be chemically eaeind form a high number of
chemical bonds to provide adequate short term strémgtiver, if the surface is not resistant
to hydration, the bond strength will gradually deteate. This is typical of an inappropriate
process which is performed well and unfortunately, ugyadisses any short-term quality
control tests.

A well prepared surface will be chemically active, Isatta high number of hydration resistant
chemical bonds are formed with the adhesive. Sucmd Wil maintain a high strength for an
extended period of service and will pass all qualitytia tests.

The difficulty encountered in quality acceptance of lsohdtructures is therefore the inability to
differentiate between a surface which has been prepegidut using an inadequate process and a
surface prepared by an appropriate method. To demonstiaterthiness regulators [6] typically rely

on static strength and fatigue testing such that jgossible that bonded structures which meet current
certification requirements may later fail in serviige to degradation as a result of inadequate surface
preparation processes used at manufacture. Because qurdpaeation is critical to the durability of

an adhesive bond the authors contend that surface atigpamust be considered as a critical element
in any certification program for flight structures.

In contrast to occasional opinion, bond degradasamot significantly related to operational loadirsy a
demonstrated by bonded sandwich panel failures expetidmgethe Royal Australian Air Force
(RAAF) when panels removed from storage failed ptraofitment on an aircraft. Similarly, the belief
that structures which see only low loads do not eséehsive surface preparation is also flawed. There



are a substantial number of examples where such philosdyztveded to the total failure of the bond.
In Fig. 1, an adhesive filler had been added to algardampen vibrations. Because the filler was not
expected to carry loads, only a simple surface preparptiocess was used during manufacture. The
subsequent disbond of the insert material led to vesiteapment and severe corrosion of the underlying
metal.

Figure 1. Corrosion damage resulting from moisture entrapmederua failed “non-load bearing”
adhesive bond applied after minimal surface preparation.

DEMONSTRATION OF BOND DURABILITY

To assure on-going bond integrity, durability must bearetmated prior to construction by a test which
interrogates the resistance of the chemical bondeeabond interface to hydration. This can not be
achieved by either strength tests or fatigue testa #wspecimens are moisture conditioned, as the test
will only indicate the condition of the bond at aveg time and not the potential for bond degradation
during on-going exposure. An appropriate test is the weslge(ASTM D3762), in which specimens
are wedged apart in a hot, wet environment. The evedacks the adhesive leaving the chemical bonds
in the joint just ahead of the crack under a verh tignsile stress which exacerbates the effects of
hydration. Any surface which is not resistant torayidn usually causes the joint to fail interfacially.
By measurement of the rate of propagation of the ooaek a reasonable period of time, a comparative
measure of durability can be obtained. ASTM D3762 statdsathacceptable bond will produce a
crack growth of an average of 0.5 inches and a maxiofudr/5 inches in one hour exposure t6G0
and 95% RH. The RAAF and USAF believe that this vadueniacceptably high [7, 8] and recommend
that acceptable bonds must demonstrate no more thancies igrowth in 24 hours and no more than
0.25 inches in 48 hours with less than 10% interfacialriil The Australian Aeronautical and
Maritime Research Laboratories (AMRL) have completesearch that suggest that D3762 also
requires guidance on the allowable size of the inttiatk caused by the wedge [4].

The wedge test is a comparative test only and doeproduce design data. However, experience has
shown that it is the most discriminating test fonth@urability, mainly because the bond is stressed to
almost ultimate strength under tensile loading, adit@m in which adhesives are known to be
susceptible to accelerated degradation. Other duratabtg such as ASTM D2919-84 do not subject
the bond to anywhere near the same stress levelhaitmhding is predominantly shear at some fraction
of limit load. The lower stress condition is notedfective in discriminating between surface prepanatio
procedures.



In general, surface preparation which produces good ¢haradility involves three basic steps;

Thoroughly degrease the surface.

Remove the existing surface layer to produce a chdynaetive surface.

Establish a stable, active surface which will formriagn resistant bonds with the adhesive
or primer.

Each of the above steps is essential and must be pedanrthe above sequence if a durable bond is to
be established. Many process specifications, refereocks and repair manuals contain procedures
which do not conform to the above sequence and coestyg do not produce durable bonds [4, 9].
USAF Wright Laboratories [7] and the RAAF [8] only emske two processes for field level bonded
repairs; phosphoric acid anodising [10] and the use giit@last and organofunctional epoxy-silane
coupling agent [11, 12]. Surface preparation may be folldwedpplication of a corrosion inhibiting
primer, although the RAAF has not generally specifigorimer with the grit-blast and silane method
and has not experienced any corrosion under repamsri@ than ten years service. Silane primers have
been used elsewhere as a corrosion prevention tradtign

ADHESIVE BOND FAILURE MODES

There are three basic ways in which an adhesive dqaunfe may fail:

In one of the adherends outside the joint.
By fracture of the adhesive lay@ohesiorfailure).
Interfacially between the adhesive and one of tine@ahds gdhesion failurg

Failure of the adherends outside the joint is achievfl4] for well designed and fabricated adhesive
bonds in moderately thin adherend materials. Thiglition is highly desirable as it enables the full
structural performance of the adherends to be utiliSesth joints may also facilitate certification
processes [15] because if the adhesive has a load gapéh is higher than the strength of the
surrounding structure, then only the surrounding structoay need to be tested to demonstrate
structural integrity. Such bonds are also damage taleaad can be designed using simple design
procedures [8, 16]. Because the other forms of bond fajokesion and adhesion) are related to
failures of the bond, the discussion will focus on ¢i@dlure modes.

COHESION FAILURES

Cohesion bond failures result in fracture of the adkesnd are characterised by the clear presence of
adhesive material on the matching faces of bothradts. Failure is usually by shear, but peel stresses
or a combination of shear and peel may also causéesioa failure. This type of failure typically
occurs in lap shear tests such as ASTM D1002 or peelsigsiisas ASTM D1781-76. In cohesion
failures, the adhesive surface typically appears rougg Kgy. 2a) and may have a lighter colour than
the bulk adhesive material. In film adhesive systdaikire usually occurs along the plane of the carrier
cloth (a material added during the production of tiigeaive roll to aid handling during use). Cohesion
failures found in service are typically caused by poant joesign (insufficient overlap length or
excessive peel stresses) although excessive porosityals@ayesult in cohesion failure (see Fig. 2b).
The high void content shown resulted from exposurbepte-cured adhesive film to high humidity.

! Common practice is to use the adjectival form “adtesio describe interfacial failure. This risks confursio
with failure of the adhesive material which is termeshesive” failure. In order to more clearly distinguibie
forms of failure, the authors advocate the use of #relsv‘adhesion” and “cohesion”.



Figure 2. Cohesion failure surfaces. The well formed bond K@ws some light coloration while the
highly voided bond (b) exhibits cohesion failure onlytie regions where adhesive was present. The
pattern is due to the carrier cloth which is approxiiydies mm pitch.

Adhesive bonds are very fatigue resistant [16] and onlyer certain circumstances will a cohesion
failure be caused by fatigue. The PABST program [17] shdahetdprovided the joint has sufficient
overlap length and thin adherends (typical of aftcskins), fatigue of the bond is unlikely to occur.
The perception that adhesive bonds usually fail by fatiyase been perpetuated by historic FAA
endorsed training publications [1] which are still beurged as training reference material by some
orgainsations [18]. Fatigue failures in adhesive bondsllysonly occur where the structure being
joined is quite thick and loads high. Fatigue failuaésays occur in the adhesive, not at the interface,
and for film adhesives they usually propagate throughptane of the carrier cloth. Fatigue failures
have occurred in adhesive layers which bond borotioreements to RAAF F-111 upper wing pivot
fittings. Careful examination under a high power micope can detect localised fatigue striations
within the failure surface which are the evidencéatfjue failure (see Fig. 3).

Figure 3. Fatigue striations occurring at the plane of theieanloth in adhesive FM73. (Reproduced
by courtesy R.A. Pell, AMRL.) The pattern is due todherier cloth which is approx. 0.5 mm pitch.

ADHESION FAILURE

Adhesion failures are characterised by the absenadhefsive on one of the bonding surfaces. Failure
occurs along the interface between the adhesive &yéthe adherends and is due to hydration of the
chemical bonds which form the link between the adieand the surface. Bonds between aluminium



adherends usually fail because the metallic oxide nituwahverts to the hydrated form which causes
the original adherend/adhesive chemical bonds tsodigte leading to disbonding. Adhesive bonds
which are formed on surfaces which are resistahydoation will be durable.

There are three causes of adhesion failure;

Failure to generate a chemically active surface duein&dfective performance or
contamination of a surface preparation process durirguption,

Use of an inappropriate surface preparation techniquéngienable to produce a chemically
active surface resistant to hydration, or

The adhesive had cured before the bond was formed.

Any adhesion failure which occurs in service is a diresult of the manufacturing process. Other
causes commonly advanced (peel stresses due to opeladitts, fatigue, adhesive creep) may
contribute to the final separation of two componentglvivould have eventually failed by some other
means, but they are not the cause of the prematureefdily adhesion.

In Fig. 4 an example of an adhesion failure on an &evem tab hinge attachment is shown. Despite
the manufacturer’s claims that the failure was due &b gteesses resulting from hinge actuating loads,
the absence of significant fracture of the adhesigether with the clear replication of the hingeaderi
number confirms that this is an interfacial failure tu¢he surface preparation used during the original
manufacturing process.

Figure 4. Adhesion failure surface. An elevator trifn kenge attachment point shows the replicated
serial number from the hinge surface cast into thesida (Photograph courtesy Steve Emery, Civil
Aviation Safety Authority, Canberra.)

Contamination, out-of-life adhesive and poor procgssian usually be detected by low strength of
companion coupon lap-shear tests produced during produwimrbetter manufacturers have quality
systems in place to prevent such failures. Unfortunatiedysame production quality systems will pass
an inappropriate process provided it is performed wellthase are the failures usually detected when
in service. If more reliable validation tests (sushASTM D3762) had been used in process selection,
processes which produce inadequate long term durabititydwbe eliminated. There is currently no
NDI method to detect deficient bonds which will sulssdly fail during service.



Care is required to correctly assess surfaces whiml snixed adhesion and cohesion failure. Because
interfacial degradation occurs over a period of tifhe, partially degraded bond is subjected to a high
load then the weakened interface may fail and oadrthe adhesive in the regions which have not fully
degraded. This will give the appearance of a mixedeniadure (see Fig. 5). In joints utilising film
adhesives, if the surface has evidence of both faihages and in the cohesion failure regions adhesive
has fractured close to the surface (not in the caciah), then the failure is typically an adhesion
failure which has occurred before the interface coullgt flegrade. True cohesion failures occurs in the
plane of the adhesive carrier cloth.

Cohesion

Failure
Adhesion Cohesion Failure
Failure through the carrie

cloth

Figure 5. Mixed failure modes. The pattern is due to the canlmh which is approximately 0.5 mm
pitch.

SANDWICH PANEL FAILURES

Many of the adhesive bond failures which occur inisereccur in honeycomb sandwich panels. The
honeycomb core is made from thin foils bonded toggiher to expansion of the core to form the usual
hexagonal cell structure which is then formed intcaadsvich structure by adhesively bonding face
sheets onto the ends of the core cells. Both aghésinds in a sandwich panel can fail. The cell node
bonds where the cell walls were bonded together dumagufacture of the core material may fail as
can the fillet bonds where the adhesive used to Hundace sheets forms fillets onto the cell walls at
the end of the core cells. Failures may also occuveaet the adhesive and the sandwich panel skin (see
Fig. 6). These bonds may also experience adhesiorhesioa failure.

Skin-to-adhesive disbond / Core fillet bond Cohesion fillet bond failure

<— Face sheet

\ Adhesive
Adhesion fillet bond failure
Core node bond

Weak node bond failure Strong node bond failure

Core

Figure 6. Adhesive bond failure modes for honeycomb sandwicklpan

Frequently, secondary damage such as corroded chrelleiv after disbonding in sandwich panels.
Although corrosion is a common occurrence in serfdcéonded sandwich panels, repair methodology



has usually concentrated on repair of the core rakiaer identification of the source of the corrosion
which is usually moisture entry through a failed bonthoough a poorly sealed fastener.

COHESION FAILURES IN SANDWICH PANELS

Cohesion failures in sandwich panels may occur iritteebonds between the adhesive and the core or
in the node bonds between the cell walls (they areramon in the skin-to-core adhesive as the fillet
bonds tend to fail at lower loads). Most cohesidtuffes in sandwich panels are caused by internal
pressure during heating cycles associated with borefsgirs. The pressure is caused by entrapped
moisture vaporising as the component is heated. Wigeimternal pressure exceeds the flatwise tensile
strength of the fillet bond (where the adhesiveweasonto the core cell walls) failure occurs [19] (see
Fig. 7). Cohesion failure of sandwich panels may aooa#ly be caused by impact damage, but only at
energy levels sufficient to cause crushing of the,canel the failure occurs by fracture of the fillet
bonds. Fatigue is not likely to cause cohesion failimesandwich panels because the adhesive shear
strength is substantially higher than the shear ginesf core materials.

L Core cell wall

% fracture

Cohesion fillet
bond failure

Figure 7. Flatwise tension failure of a sandwich palmernal pressure developed during a repair
heating cycle causes cohesion failure of the filletdsoand core cell wall fracture. The pattern is due to
the core cells and each cell is approximately 3.2 mra.wid

Occasionally failure of the core node bonds may otses Fig. 8) in sandwich panels fabricated from
lightweight core,. This is usually a result of intdrpaessures generated by heating panels which
contain moisture. If the failure is a cohesion failtiven the cell walls are usually significantly diséor
(Fig. 8a). This form of failure (designated here &steong” node bond failure) is easily identifiedrfno
X-ray inspections because of the clear image of sterded cell walls (Fig 8b).

ADHESION FAILURES IN SANDWICH PANELS

Adhesion failures in sandwich panels may also occuithrer the fillet bonds or the node bonds, but
may also occur in the skin-to-adhesive interface (3g. 9). All skin-to-adhesive failures are invanabl
a result of adhesion failure, again caused by inadequraiaeffective surface preparation during
fabrication. Impact or fatigue will only produce an mféeial skin-to-adhesive failure in a poorly
bonded sandwich panel.

Core-to-adhesive adhesion failures are typified byctive cells pulling out of the adhesive fillets (see
Figs. 9, 10 and 11). Adhesion fillet bond failure is ai@@n because the flatwise tensile strength of the
core-to-adhesive bond may degrade by as much as 90%n[2Qisceptible panels. Several in-flight
failures of fixed panels and control surfaces causeddbgsion fillet bond failure have been reported
[20]. Because the core appears to be in good condigenHigs. 10a and 11a) technicians often attempt
to rebond a repair to the existing core. However, unphedigesults of tests [21] show that poor
flatwise tensile strength results from bonds formedare which has previously experienced adhesion



fillet bond failure as a hydrated oxide layer alre@aysts on the surface and it is very difficult to
remove this layer or perform adequate surface protegtimr to re-bonding. The only remedy is to
replace the existing core.

@) (b)
Figure 8. A “strong” node bond failure in a honeycombdsach panel. The high node bond strength
results in crippling of the cell walls. The X-radiogha(b) shows the cell wall failures seen in plan view.

Figure 9. Skin-to-adhesive cohesion failure in a sandwich e that the component also presented
a core-to-adhesive fillet bond failure.

(@) (b)
Figure 10. Core (a) and adhesive (b) surfaces after adhedlet bond failure. Note the minimal
amount of cohesion fillet bond damage to the adhéb)vgPhotographs courtesy of R.A. Pell, AMRL
Melbourne.)
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Adhesion fillet
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(@) (b)

Figure 11. Disbonded sandwich panel: core (a) and skin (b). Nwtedifferent failure modes with
adhesion failure of the fillet bonds leaving no tratadhesive on the core cell walls.

If the cell node bonds are degraded then a “weaklerfwond failure occurs (see Fig. 12). This is
characterised by separation at the node bonds, but bebagseoccur at lower internal pressures, the
cell walls are barely distorted [20]. These failures/roaly be detected by careful examination of X-

radiographs (see Fig 13).

Figure 12. A “weak” node bond failure in a honeycomb wacid panel. The comparatively lower
pressure to fail the node bonds produces minimal célidiggortion.

Figure 13. An X-radiograph showing weak node bond faslure



FAILURES IN BONDED REPAIRS

Failure modes for bonded repairs are the same as moletstructure; either by cohesion or adhesion
failure, with most failures occurring by adhesion falaue to the ineffectiveness of approved surface
preparation procedures (see Fig. 14). A significant reésothe poor standing of adhesive bonding
within some areas of the aerospace community hastbeatcasional exceptionally poor performance
of adhesive bonded repairs, even when these repaieshie®n performed in accordance with aircraft
structural repair manuals [9]. An example of this lackcamfidence is the USAF mandate that all
bonded repairs must be able to carry ultimate inatle absence of the bonded regdi. In contrast,

the RAAF, using their own bonding procedures and exterisade training, have used adhesive bonded
repairs for cracked metallic aircraft structures sih8@5, with great success and have achieved large
savings in aircraft maintenance costs, even orksracprimary structure [22]. Bonded repair failures
are often discounted by manufacturers on the basisgnaepair was installed incorrectly and this is an
argument which is difficult for operators and repaatishs to refute. However, RAAF experience
suggests that the surface preparation processes recdetméy some manufacturers are often
inadequate for the repair requirements. This, whenbowd with the limited training of most
technicians installing such repairs almost guarard@esnsuccessful bond. Consequently, there is a
requirement for original equipment manufacturers to piwevidence that their approved repair
methods are valid and provide a durable repair andjaa eequirement for maintenance organisations
to ensure that their staff are adequately traingkdennstallation of such repairs.

.._'.a_

Figure 14. An adhesively bonded patch which has suffered adinésiore in service.

Repair manual procedures often rely on fasteners assveldhesive bonds to attach a repair. Such a
practice is futile because while the bond is effectilie, adhesive carries almost all of the structural
loads and when the adhesive disbonds, the fastaceras stress concentrations which may lead to
fatigue cracking which may propagate outside the reqomie [16]. In sandwich panel repairs, fasteners
provide a moisture entry path into the core, leadincptrosion (see Fig. 15) and an increased chance of
bond degradation. Ironically, repairs to this typeswficture have typically concentrated on repairing
the corrosion rather than identifying the real caosdhe defect which was the inadequate bond
design/manufacture which necessitated the fasteners.



Figure 15. Corrosion damage in a sandwich panel caused by neistiry through the fasteners.

Injection “repairs” of adhesive bonds are common jra¢hroughout the aircraft industry and appears
in almost all structural repair manuals. These repéiesnat to rebond failed adhesive bonds by drilling
small holes through to the bondline into which i®atg¢d new adhesive. The authors suggest that it is
impossible to re-develop a durable bond in a disbondednrélgat has suffered an adhesion failure as
the surface is chemically inactive and requires exterssirface preparation. All that is achieved by this
practice is that the defect is filled with ineffeetiadhesive to the extent that the void can no tobge
detected by NDI. There may be some benefit to thisggsotor a region which has suffered a cohesion
failure although this necessitates being able to deterthe failure mode. The ineffectiveness of
injection repairs to adhesion failures may be sedfign 16 where a replicate of the failed bonding
surface has been formed in the injected adhesivetéyddhesion failure between the old adhesive and
the injected material.

Figure 16. A failed injection repair showing the replicated iegsion of the surface which had
disbonded prior to the injection repair.

Service exposure of panels repaired by injection frequeeBults in moisture entry through the
injection holes and the initiation of corrosion dage (see Fig. 17). Repair of secondary damage due to
past injection repairs constitutes a major proportiomefonding workload in support of RAAF F-111
aircraft and as a consequence a proposal to prohitiong repairs is being considered.



Figure 17.Corrosion damage due to a previous injection reparhioneycomb sandwich panel.

DISCUSSION

The data presented shows that adhesive bonds faith®r eohesion or adhesion failure. Cohesion
failures are characterised by the presence of adhesivieoth surfaces, the causes of which are
summarised in Table 1 along with the related desipreis which should be considered by certification
requirements for bonded joints.

Inadequate overlap Iengtll1 Poor design

Peel stresses Poor design or service incidents

Fatigue Poor design (attempting to bond adherend$wainectoo stiff)
(Rare in well designed joints.)

Excessive void content Moisture contamination or gwessurisation during production

Impact Service incidents

Skin-to-adhesive failure in Internal pressure exceeds flatwise tensile strength
sandwich panels

Table 1. Causes of cohesion failures.

Adhesion failures are characterised by the absenedrasive on one of the adherend surfaces and a
replication of the surface from which the bond has rs#¢pd on the other. Adhesion failures occur
because of poorly prepared bonding surfaces, selectian saifrface preparation process which is
incapable of producing a durable bond, or due to use obdhehich has cured before the bond was
formed. These are manufacturing issues, not relatexkrigce incidents. If operators recognise the
distinct features of adhesion failures and are awiha¢ they can only be caused by production
deficiencies, market forces would encourage manufastuoeselect only reliably validated processes
with stringently enforced quality management systemguarantee bond integrity. Unlike issues which
cause cohesion failures, adhesion failures are moinelied by existing certification test requirements.
Inclusion of surface preparation validation as a ¢eafibn requirement is currently being advocated
[6, 23, 15].



CONCLUSIONS

Adhesive bond failures should be treated in the sagmous investigative manner as is applied to
metallic failures. By identifying the type of failufieom the surface characteristics, the true cause=of th
failure can be identified and corrective action imgated. The consequences of such action will be that
proper design, certification and production methode®guill be adopted to ensure that the true
structural capabilities and low maintenance costs, twhre possible when the technology is applied
correctly, are fully attained.
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