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ABSTRACT

The use of bonded joints, which is common across many industrial sectors, is closely tied to rapid advances in de-
sign and manufacturing technologies. Modern adhesives enable their application under a wide range of operating
conditions and allow high precision due to advanced production processes. Different types of bonded joints can
exhibit distinct mechanical properties. The behaviour of such joints highlights the critical role of shear stress in
fracture. Traditionally, the mechanical performance of bonded joints is analysed through static testing, which pro-
vides fundamental mechanical parameters. However, to obtain a more comprehensive understanding, experimental
studies should also include other loading conditions, such as dynamic testing. This paper presents the results of
both static and dynamic tests on adhesive overlay joints. The original methodology is proposed for testing adhesive
joints under impulse tensile force, resulting in an impact shear stress of the joint, which is the dominant regime.
The specimens were manufactured from 1 mm galvanised steel strips and bonded with two types of adhesives:
DP490 and Hybrid CX80. They were subjected to static tensile tests and dynamic tensile tests using force impulses
with varying energies and strain rates. The study provides detailed static and dynamic characteristics of the tested
adhesive joints, offering a practical perspective for engineering applications. The proposed testing method can
serve as a diagnostic tool for adhesive joints and other types, such as form-fit joints. This can be used as support
for the adhesive joint behaviour and data for modelling, manufacturing, and the trade market.

Keywords: adhesive joint properties, dynamic testing, static and dynamic characteristics.

INTRODUCTION

The experimental and analytical approaches
to bonded joints have been the subject of numer-
ous studies. Yang et al. [1] studied two types of
adhesive connections — bonded pipe joints under
static and dynamic bending — validated using a
numerical approach (LS—Dyna). A similar meth-
odology was employed by Gollins et al. [2], who
tested two types of bonded connections (meth-
acrylate and epoxy) to assess their static and dy-
namic behaviour under ballistic loading.

Komorek et al. [3] proposed a modification of
a pendulum hammer for impact testing of over-
lapped bonded joints, obtaining more reproduc-
ible results than those from the Block Impact Test.
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The influence of external environmental fac-
tors, such as humidity and temperature, on the me-
chanical properties of bonded joints has also been
investigated. Balkova et al. [4] studied the effects
of temperature and cyclic loading on the adhesion
and transparency of soda-lime-silica glass and
polycarbonate (PC) bonded with a self-adhesive
polyurethane (PU) film. They aimed to identify
operational conditions in vehicles that could lead
to adhesive delamination and glass opacity. Kolar
et al. [5] studied cotton-reinforced adhesive lap
joints of sheet metal under cyclic loading, using
epoxy resin as the binder. The specimens were
tested with an overlay near the measurement
gauge, and the viscoelastic properties of the joint
were observed. The reinforcing fabric was shown
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to improve the mechanical performance of adhe-
sive joints under cyclic loading.

Sahin et al. [6] carried out static and fatigue
tensile tests on bonded lap joints with varying
specimen thicknesses, depending on the adhesive
layer thickness. Using DP460 structural adhesive,
they produced joints with the AA2024-T3 alumin-
ium alloy, and reported that the ultimate tensile
strength increased with greater bond thickness.

Kaluza et al. [7] reported results from an ex-
perimental study of the static and fatigue behav-
iour of bonded joints between CFRP laminate and
high-strength steel. Seven methacrylate adhesives
were tested, with specimens prepared to cre-
ate two shear zones. Tichy et al. [8] investigated
the influence of cotton fabrics on the mechanical
properties of hybrid adhesive joints under static,
quasi-static, and fatigue loading. Their results
confirmed the positive effect of cotton fibres on
ultimate shear strength. Lap joint specimens were
subjected to tensile loading, with a hybrid adhe-
sive composed of cotton fibres and epoxy resin.
The bond kind for S235J0 structural steel, as an
application of the joint for this kind of conven-
tional material, is represented by values of its
strength and elongation as a result of the concen-
tration of microparticle filler. For this case, the
region was inspected using the SEM technique
to detect damage occurrence [5]. Quasi-static
experimental studies on the shape of the ends of
bonded joints on the load-bearing capacity of the
joints made of carbon fiber reinforced plastics
(CFRP) and steel [9].

In addition to these studies, other work has
focused on hybrid adhesive bonds under cyclic
stress (Kolar et al. [5]), stress concentrations at
joint edges (Bula et al. [10]), fracture mecha-
nisms of adhesive joints (Xu et al. [11]), and the
strength of bonded joints under dynamic loading
regimes (Volkov et al. [12]). Maurel-Pantel et al.
[13] compared the static and dynamic behaviour
of three structural adhesives for space optical
applications. They proposed a methodology for
assessing adhesive performance under dynamic
conditions and found that static and dynamic
responses often differ, making correlation chal-
lenging. Rahman et al. [14] highlighted that the
mechanical parameters of adhesive materials
evolve over time. Prolonged loading, particularly
in long-term creep tests of thixotropic, room-tem-
perature-cured epoxy adhesives reinforced with
nanoparticles, can reduce load-bearing capacity.

Wooden bonded specimens were tested under
three-point bending.

The results of tests on adhesive joints used
to join plastics are presented in [15], where 3D
printing was used to produce the joined elements.
The experimental tests consisted of static experi-
ments on adhesively bonded overlay specimens.

A methodology for testing bonded lap joints
under impact loading was developed using a
modified pendulum hammer [16]. In this case,
this kind of device was successfully used for riv-
eted and hybrid riveted-bonded joints and the sig-
nificant effect of adhesive forces on the impact
strength of bonded joints was illustrated. This
loading case was also used in [17] for attention to
wooden building structures made of glued lami-
nated timber. Acceleration values were applied to
assess the tested object through root-mean-square
analysis and high-speed impact camera photos.
At the same time, energy criteria were addressed
to estimate peak impact force values and the dy-
namic surplus coefficient.

Besides, the joint type can be classified as
very easy for production; nevertheless, some pa-
pers have indicated that this is not trivial when
applications are taken into account with respect to
safety operations, i.e., the building [18] and auto-
motive branches of industry [19, 20].

For the building sector, the joint problem is
strongly related to the size of the building struc-
ture [18]. Therefore, for those cases, real-scale
studies of adhesive joints and numerical simu-
lations were used. The mechanical tests’ results,
such as tensile and shear ones, and the double-lap
joint experiment, were employed for the model-
ling. This enabled the determination of the stress
distribution in the joint and the identification of
plastic zones and areas of decohesion.

In automotive practice, bonded joints are
typically located in a few sections of the vehicle,
which are then combined with other components
to form the final product [20]. For example, in
the case of the XJ sedan (X350) and XK coupe
Jaguar models, this type of connection is repre-
sented by the following values in metres: 116 and
99, respectively [19]. Furthermore, the diagnostic
process for identifying defects in the joint type
considered is not straightforward, as it cannot be
easily captured by inspection using measurement
devices that measure physical quantities. There-
fore, the X-ray method is employed as an effec-
tive technique in such cases. This can be used for
vehicle inspection after manufacturing as well as
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following a crash test to thoroughly examine the
entire body for any damage regions that may ap-
pear [20]. Overall, the existing literature empha-
sises a strong focus on static and fatigue testing of
bonded joints, while their dynamic performance
has received comparatively less attention. This
study addresses this gap by providing new experi-
mental data on the dynamic behaviour of adhesive
overlay joints, supported by results from static
tests and proposing a few-stage methodology for
adhesive testing. For this purpose, two adhesive
types were selected: a very special type (DP490)
and a typical type (CX80). Concerning the appli-
cation of adhesive types in general engineering,
this paper aims to contribute to and support this
field. The scientific contribution is demonstrated
through variations in static and dynamic stiffness
up to the point of joint decohesion.

DETAILS OF THE EXPERIMENT
AND RESULTS

The joint and experimental procedure

The specimens were prepared from two rect-
angular steel sheet pieces joined with two types
of adhesive (Table 1). An overlapping bonded
section was created using galvanised steel sheet
strips with a thickness of 1.3 mm and a width of
20 mm (Figures 1, 2).

The applied overlap joint, although not ideal
and not comprehensive of all issues related to ad-
hesive bonding, has the advantage of being rela-
tively easy to construct. The research methodolo-
gy proposed in this approach, expanded to include
other types of adhesive bonding, will enable a
more accurate evaluation of both the method itself
and the comparison of different types of adhesive
bonding. The specimens with the specified geom-
etry were slightly deviated from the requirements
outlined in ASTM D1002 [21] and ISO 4587 [22],
was mainly based on the capabilities available to
the researchers. Additionally, the analytical tools
employed enable measurements of the shape of
the adhesive-bonded joint specimen to be obtained
independently of the geometry used.

Table 1. Fundamental properties of the adhesives

Name Symbol Colour Den3|t3y [o/
cm?]
3M DP490 A Black 1.14
Hybrid CX80 H Grey 1.59
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The joints were made with two adhesives: 3M
Epoxy Structural Adhesive DP490 and Hybricx
Black CX80. The first type is a high-strength ad-
hesive designed for use in heavy-duty conditions,
such as temperatures up to 120 °C, under both
static and dynamic loads, and in challenging envi-
ronmental conditions, particularly in automotive
applications. Its shear strength ranges from 23.7
MPaat-55 °C to 1.9 MPa at 150 °C, [23, 24]. The
application is suitable for the following material
types: aluminium alloy, cold-rolled steel, and gal-
vanised steel grades [25].

The second adhesive is more versatile than
the first, as it can be used in both the building
and automotive sectors, and is very common in
the trade market. It is recommended for creating
a strong bond between ceramics, wood, plastics,
and concrete, as well as other materials. Its main
mechanical properties are: an ultimate tensile
strength of 45 MPa and a temperature range from
-40 °C to +100 °C [18]. Since the cohesive zones,
including the joints, exhibited significant varia-
tion in mechanical properties, careful control of
the adhesive amount applied to each specimen
was essential. Static tensile tests were performed
on a Zwick electro-mechanical testing machine at
room temperature, with a crosshead displacement
rate of 100 mm/min, using a 50 mm gauge length
extensometer (Figure 3). Three specimens of each
adhesive type were tested

Dynamic tests were performed using a drop
tower (Figures 8 and 10). The specimens were
subjected to impact loading by a striker weigh-
ing 3.78 kg, which struck the reverser bumper
and thereby indirectly loaded the joint (Figures
8, 9). Tests were carried out at various impact
energy levels, as shown in Figure 10. The strik-
er was released from different heights to generate
the necessary kinetic energy at the point of con-
tact with the reverser bumper. The striker-reverser
plate collision was quasi-elastic. This assumption
stemmed from observing the interaction between
the steel striker and the steel reverser (reverser
bumper plate) during the contact, and in particu-
lar, the rapid loss of contact between the colliding
elements. Specimen deformation was recorded
with a Chronos high-speed camera. 20 specimens
of every kind of adhesive were tested, but not all
of the collected data were acceptable for further
analysis, and they were selected for the experi-
ment quality.

Galvanised steel sheet flat strips were used as
the joined elements, in the as-received state, i.e.
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Figure 1. Specimen geometry and dimensions

without surface roughness measurements. The
sheet metal where the adhesive was applied was
degreased with white spirit. The sheet metal sur-
face was raw and scratched. Specimen strips were
cut with sheet metal snips. Care was taken to main-
tain the same pressure for all specimens during the
joining stage (loaded with a wooden beam).

A simple wooden jig was prepared so that one
sheet metal strip to be joined was lower than the
applied strip by a specified distance. The adhesive
was applied manually, ensuring that the wetted
surface was contained between the applied sec-
tions on the sheet metal.

Static test results

The results are presented as changes in force
and displacement (Figures 4 and 5). Applying the
approximation using functions family:

Figure 3. Z100 Zwick electro-mechanical testing
machine. Technical features — load capacity: 100 kN;
maximum test area: 1070x610 mm?; crosshead speed

range: 0.00005—1000 mm/min; accuracy of the set

speed: 0.05; approximate dimensions: 2.0%1.0 m;

weight: 450 kg

Figure 2. Bonded joint specimens prepared for static and dynamic tests
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Figure 4. Force versus elongation for the A-bonded
specimen joint

F(AD) = a - sin™(bAl) [N] (1)

about coefficients noted in Table 2, the static stiff-
ness changes is proposed in the following form.

N
ejp—1 .
C(Al) — anb-sin™~1(bAl)-cos(bAl) [m_

A " mmzl 2)

and its mean value can be presented as follows:

1

Cr =
M ™ Alnax

- [max ¢ (AD(AD 3)

where: 4 and Al reflect the bonded area and the
elongation measure range, respectively.

The obtained graphs and values are presented
in Figures 6 and 7 and Table 3. The variations in
values of the static stiffness, shown in Figures 6
and 7, reveal two distinct regions determined by
the elongation levels. For the A-type joint, this
transition occurs at 0.06 mm, while for the H-type
joint, it is observed at 0.05 mm. Significant dif-
ferences were found between the static stiffness
maximum values of the joints, indicating that the
A-type bonded region exhibits higher mechanical
resistance than the H-type. In practice, the static
and dynamic stiffness reflect the operation re-
gimes with respect to the elongation values, i.e. in
the case of the A-specimen type, this is limited by
0.06 mm, while for the H-type, 0.05 mm holds. It
means the component loading for elongation lev-
els higher than the levels can lead to a dramatic
lowering of the parameter considered.

Dynamic test results

The influence of tensile energy on the me-
chanical parameters was evaluated based on
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Table 2. Glue types’ basic properties

Approximation coefficient Atype glue H type glue
a [mm] 5200 380
Al [mm] 0.145 0.45
n [mm] 10.83 3.49
n 1.50 1.05
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Figure 5. Force versus elongation for
the H-bonded specimen joint
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Figure 6. Change in the static stiffness values for the
A-specimen type under tensile force
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Figure 7. Change in the static stiffness values for the
H-specimen type under tensile force
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Table 3. Calculated values of the static stiffness for the A and H-type joints

Mean value of

A-type joint

H-type joint

the static stiffness C,, [N/mm/mm?]

107.21 2.68

/
" Investigated specimen
mounted in reverser jaws

Figure 8. Drop tower

changes in elongation values (Figures 8, 9).
The reverse free-drop analysis from the initial
height h allowed the transformation of potential
energy (E,) into kinetic energy, which reached
its maximum at the moment of contact between
the impactor and the specimen. The process
was captured with a Chronos high-speed cam-
era (Figure 10). The specimen elongation (Ax)
was recorded using three marker points located
in the measurement region of the specimen,
Figure 11. The dynamic stiffness K was related
to transforming the reverse kinetic energy E, .,
into work E:

Exg1 = 3mgVE (4)
Eps = 5 KXo -

and in consequence:
Exri = Eps = K = leRTﬁ (6)

Ekr [J]
o
o

0,6 0,7 0,8 0,9 1,0 1,1 1,2 1,3
hm]

Figure 9. Reverser energy for drop different height
values

where: m, is reverser mass, V, is reverser initial
velocity and

AXpay = max(Axfree - Axfixed) (7

the extension maximum value between two mark-
ers. The procedure for calculating the dynamic
stiffness values is presented in Table 4.

The calculated dynamic stiffness values for
the A- and H-type adhesive joints, obtained for
different dropping heights and initial velocities of
the reverser, are presented in Tables 4 and 5 and
illustrated in Figures 12, 13 and 14.

To determine the energy at bond-line delami-
nation, the reverser’s initial velocity ¥, and final
velocity V,, measured immediately after fracture,
were included in the analysis to determine the en-
ergy at bond-line delamination (Figure 15).

Because a portion of the reverser’s initial ki-
netic energy is converted into delamination work,
it can be expressed as follows:

Wy = AE}, + Exp1 — Exgr2 3

where: E,, and E,,, are respectively the initial

and final reverser kinetic energy, and

AE, = mpglAxy ©)
is an increment of reverser potential energy due
to displacement.

The results for the A-type adhesive joint are
shown in Figure 16, while the calculation proce-
dure and outcomes are presented in Table 6. The
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Figure 11. The A joint type’s results — impactor height H = 740 mm

Table 4. Dynamic stiffness for the A-joint type

Type of glue: A
Mass m [kg] Impactor’s high Reverser’s initial velocity | The dynamic stiffness mean value
Impactor Reverser h [mm] V, [m/s] [N/mm/mm?]
0.74 1.49 137.3
0.84 1.59 143.88
1.057 4.1
1.04 1.77 156.57
1.24 1.93 240.9
CALCULATING  OF  IMPACTOR  INITIAL CALCULATING OF EQUIVALENT DEFORMATION
VELOCITY V; AND REVERSER INITIAL VELOCITY ENERGY OF THE SAMPLE.
Vg1 (DIRECTLY AFTER IMPACT.) 1
Eps = EkAxfnax %)
V= \2/291‘1/ (€Y) -
Va1 = LU ) REVERSOR INITIAL ENERGY CALCULATION
mg +my
= L) !
Exg =smpVé (6
EXPERIMENTAL MEASUREMENT OF DYNAMIC ke = 3MaVi1 (6)
MARKER'’S DISPLACEMENTS: -

CALCULATING OF MEAN DYNAMIC STIFFNESS k:
Axfreev Axfixed = Ax = Axfree - Axfixeoi 3)

2B (7

Mgz = max(Axpree — Axfivea) (4) Exp=Eps = k= AxZ

Figure 12. Dynamic stiffness values scheme calculation
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Figure 13. Dynamic stiffness as a function of the
reverser’s initial velocity — the A-joint type

Table 5. Dynamic stiffness for the H-joint type
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Figure 14. The dynamic stiffness as a function of the
reverser’s initial velocity — the H-joint type

Type of glue: H
Mass m [kg] Impactor’s high Reverser’s initial velocity | The dynamic stiffness mean value
Impactor Reverser h [mm] V, [m/s] [N/mm/mm?]
0.65 1.46 5.05
1.057 4.1 0.7 1.52 5.08
0.75 1.57 5
Table 6. The dynamic stiffness mean value for the H glue joint type
A glue black

Physical quantity name Symbol and its unit Pattern Value
Impactor mass m, [g] Set value >> 3780
Reverser mass m, [g] Set value >> 4100
Drop height H [m] Set value >> 1.24
Bonding area S [mm?] Set value >> 465.82
Impact velocity V, [m/s] (2:9.81-h)°s 4.93
Reverser velocity after contact Vg, [m/s] 2m, Vy/ (m+m,) 4.73
Reverser velocity at the bursting Ve, [m/s] Reading >> 3.17
Reverser displacement at the bursting AX_[mm] Reading >> 0.94
Reverser energy at the impact time E, . [J] 0.0005 m, V2 45.91
Reverser energy at the bursting E g, [J] 0.0005 m, V.2 20.61
Change in the reverser potential energy value AE, o [J] 0.000001 m, g Ax_ 0.04

Remarks: Specimen destruction burst

Specimen destruction work W [J] AEp_R-(E,-Eiry) 25.34
Specimen destruction work per unit surface W* [J/mm?] W/S 0.05439

final value of the delamination work per unit area
was 0.0549 J/mm?.

The results obtained in this study provide new
insights into the performance of adhesive overlay
joints subjected to both static and dynamic load-
ing conditions. A clear distinction was observed
between the mechanical response of the joints

bonded with DP490 and those bonded with Hy-
brid CX80, which highlights the importance of
adhesive selection for engineering applications
where loading conditions vary significantly.

The static tensile tests confirmed that DP490
adhesive produced substantially higher static stiff-
ness compared to CX80. This outcome reflects
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Figure 16. Dynamic displacement changes of the
fixed and free parts of the A-specimen type

the structural designation of DP490, which is
optimised for demanding conditions, including
elevated temperatures and heavy mechanical
loads. In contrast, the CX80 adhesive, although
more versatile and widely applicable across ma-
terials, demonstrated limited resistance under
static tensile loading. These findings indicate
that adhesives specifically designed for structural
purposes generally outperform multipurpose or
commercial-grade adhesives in terms of strength
and durability.

Under dynamic loading, however, the results
revealed a more complex behaviour. The DP490
joints not only retained their mechanical superior-
ity but also showed a notable increase in dynamic
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stiffness with rising impact velocities. This sug-
gests that the adhesive’s intrinsic toughness and
ability to dissipate energy improve under high
strain rates. The measured delamination work for
DP490 further supports this interpretation, as the
adhesive was able to sustain significant energy
absorption before complete failure. By contrast,
the CX80 adhesive exhibited nearly constant dy-
namic stiffness, approximately double its static
value, but without further gains at higher loading
energies. Such behaviour may be attributed to the
adhesive’s more brittle failure mechanism and
lower capacity to redistribute stresses across the
bonded interface.

The comparison of static and dynamic re-
sponses across adhesives emphasises that me-
chanical performance cannot be generalised from
one loading regime to another. For DP490, dy-
namic testing revealed capacities that exceeded
static performance, demonstrating that adhesives
classified as high-strength can exploit strain-rate
effects to their advantage. For CX80, dynamic
results confirmed some improvement over static
strength, but the lack of rate sensitivity imposes
clear limitations on its use in safety-critical appli-
cations where sudden impacts or crash events are
likely. These distinctions highlight the importance
of complementary testing methods, as neglecting
dynamic evaluation may lead to an incomplete
understanding of adhesive joint reliability.

Another noteworthy aspect is the diagnostic
potential of the proposed testing methodology.
By correlating stiffness and elongation values,
the study offers a straightforward way to assess
the health of bonded joints. This approach could
be particularly valuable in industrial diagnostics,
where non-destructive methods are often limited
in identifying early-stage decohesion. Moreover,
the quantitative evaluation of delamination en-
ergy highlights the potential of the drop-tower
method not only as a characterisation tool but also
as a reference for modelling adhesive fracture in
numerical simulations.

Overall, the findings expand the current
knowledge of bonded joint performance by bridg-
ing the gap between static and dynamic charac-
terisation. The differences between adhesives
underscore that engineering practice requires a
careful match between material properties and
operational conditions. For structural and au-
tomotive applications where impact resistance
is critical, DP490 emerges as a more suitable
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adhesive, whereas CX80 may remain appropri-
ate for general-purpose applications with mod-
erate demands. Future research should address
the influence of environmental factors, such as
temperature, cycling loading and humidity, under
combined static—dynamic regimes. In addition,
further investigation of microstructural failure
mechanisms using advanced imaging techniques
could provide deeper insight into the observed
differences in performance between adhesives in
performance between adhesives.

CONCLUSIONS

The results indicated:

e static and dynamic tests at an analytical ap-
proach for stiffness changes enable capturing
of differences in the adhesive joints’ behaviour
for their application;

e the static stiffness of bonded joints is strongly
influenced by the adhesive type, reflecting the
sensitivity of the bonded region to the applied
loading;

e in dynamic loading, the A-type joint exhibited
increased dynamic stiffness with higher im-
pactor velocities, surpassing its static one. In
contrast, the H-type joint maintained a nearly
constant dynamic stiffness, approximately
twice its static value;

e the applied energy analysis allowed for a quan-
titative assessment of delamination energy,
highlighting the importance of considering the
ratio of mechanical quantities, such as capacity
or work, to the bonded region when evaluating
joint performance. These findings suggest that
both adhesive selection and loading conditions
critically affect joint behaviour, emphasising
the need for tailored testing approaches de-
pending on the operational scenario.
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