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ABSTRACT 

Adhesive joints are normally subjected to different working conditions in their service-life. This may 

involve both static and cyclic loadings. In many instances, a combination of various loading 

conditions occurs that can be further provoked by exposure to hostile environments. This, in turn, 

leads to the need to characterize the joint behavior under different combinations of working 

conditions. Extensive experimental tests are needed in order to evaluate the joint performance 

under such variable working conditions. This implies the development of low cost and efficient 

testing techniques that reduces the extra needs to operator time and sophisticated test procedures. 

Taking this objective into account, a novel technique in mechanical evaluation of adhesive joints 

was developed in the present work. Alternative monotonic and variable-amplitude cyclic loads were 

applied on the same double-cantilever-beam (DCB) specimens under cleavage mode. DCB 

specimens were made from aluminum bars joined together by a two-part toughened structural 

adhesive. On one face, a series of crack detection sensors were bonded to control the testing 

machine for switching between monotonic and cyclic loadings. The testing machine had two 

aligned hydraulic actuators applying bending forces on the upper and lower arms of the DCB 
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specimen. The effects of testing frequency and applied load history were also investigated within a 

range of 4 to 20 Hz for a nominal adhesive thickness of 0.5 mm. The fatigue performance of each 

configuration was represented by a power-law relationship and was compared for different testing 

conditions.  The test results revealed that the fatigue damage occurred at relatively lower load 

levels (35%) when compared with monotonic fracture load. The power-law constants for the tested 

adhesive were influenced by testing frequency but not sensitive to loading order. 

KEYWORDS 

Adhesive joints, fatigue crack growth, quasi-static test, test frequency, fracture mechanics, critical 

energy release rate. 

1. INTRODUCTION 

Structural adhesive joining represents one of the most efficient enabling technologies for the 

innovative design concepts. Compared to other conventional joining methods, adhesive bonding 

offers better fatigue resistance along with economic advantages. Due to this, it is often practical to 

use adhesive joints for transferring cyclic loads that could also be concurrent with environmental 

exposure. Under such a severe working circumstance, effective determination of joint performance 

under monotonic and cyclic loadings is crucial for reliable joint design. Although this type of service 

condition is possibly the most destructive form of mechanical loading, the majority of joint designs 

are still based on simple monotonic test results at room temperature. As a simple reason, it should 

be remarked that fatigue in adhesive joints is more complicated than that in a homogeneous 

material. The tools often used to study fatigue in homogeneous materials are “S-N diagrams” 

which are based on “stress-life” approach. Their main limitation is the lack of an explicit account of 

damage evolution during fatigue  [1]. The “fatigue crack growth” approach is normally employed to 

overcome this shortage. In this method, the crack growth per cycle (�� ��⁄ ) is commonly related 

to strain energy release rate calculated at maximum load (����). This implies careful attention to 

crack propagation during fatigue test. Due to significant experimental efforts and time, fracture-



 

based fatigue tests are generally more expensive when compared to monotonic or stress-based 

fatigue tests. In view of large investment in such a fatigue experiment, a careful planning of test 

procedure and result analysis is required. 

Over the years, research has been conducted on fatigue life prediction, crack nucleation and 

fatigue crack growth. The results of a literature review revealed that the research works, the ones 

using “fatigue crack growth” approach, can be classified into three major categories: (a) theoretical 

developments in fatigue threshold calculations and fatigue crack growth analyses [2–12], (b) 

application of numerical fatigue models, generally finite elements method, for modeling the fatigue 

behavior of adhesive joints [12–19], and finally (c) experimental fatigue works [20–40]. The focus in 

the latter category was mainly to determine the fatigue threshold, crack growth and also to 

investigate the effects of influencing parameters. As examples, the effects of load ratio [2, 27, 29], 

test frequency [39–40], adhesive thickness [13, 19, 20, 38], surface pretreatment [31–32], 

substrate surface roughness  [38] and working environment and temperature  [37] were investigated 

by researchers. 

The effect of load ratio has been found to be significant in the fatigue response of adhesives  [16]. 

For good bonded joints, an increase in fatigue life was reported by increasing the load ratio when 

the maximum fatigue load was kept constant. In poorly bonded joints, on the other hand, it was 

shown that the maximum fatigue load governed the fatigue behavior whilst the load ratio had little 

influence  [32]. 

Mode I fatigue crack growth tests have been carried out in  [39] and  [40] on adhesive joints bonded 

either by filled, or filled and toughened, adhesives at different frequencies between 0.02 and 20 Hz. 

Higher fatigue crack growth rates were found in the joints bonded by the toughened adhesive, 

especially at lower frequencies, whilst no significant influence of testing frequency was observed 

for the filled adhesive.  

The impact of the working temperature on fatigue characteristics of polymer composite joints of the 

type which could feature in aircraft construction were investigated in  [37]. Superior quasi static 



 

performance was observed at room temperature and the least at 90°C, while fatigue thresholds 

were similar at room temperature and -50°C but considerably lower at 90°C. 

As with traditional methods, the crack length during a fatigue test can be measured either by 

physical methods like optical observation [10, 28, 30, 34] or by following a more sophisticated 

technique based on compliance measurements [26, 27]. The optical crack length measurements 

require a lot of operating time and efforts while the latter method needs to be empirically calibrated 

 [26]. Some other physical methods were also employed for crack length determination such as 

back face strain method [35, 36] and the methods using electrical conductive materials  [33] or 

crack propagation gauges  [10]. 

In the present work, a novel experimental technique was developed in order to simultaneously 

evaluate quasi-static and fatigue behaviors of adhesive joints. The main objective of this work was 

“to development a new fatigue test methodology that requires minimum operator effort which, in 

turn, reduces experimental costs and provides better results reproducibility and thus lower scatter 

in the results”. The methodology was used in testing different structural epoxy adhesives where the 

influences of test frequency and working temperature were investigated. As the objective of this 

paper is to clearly show the test methodology, the results presented are limited to the ones 

obtained for a toughened epoxy adhesive in order to study the effects of testing frequency. 

Temperature dependency in static and fatigue behaviors of three different structural epoxies, 

developed for aerospace and automotive industries, are presented in details in separate papers 

referenced in [41, 42]. It should be noted that determination of fatigue thresholds was not a goal of 

these studies. Instead the trend of fatigue crack growth has been investigated in a loading range 

superior than the threshold region. 

  



 

2. EXPERIMENTS 

Adhesive joints of this work were fabricated from aluminum adherends in the form of double 

cantilever beam (DCB) specimens bonded by the adhesive DP920 of 3M Company. A series of 

alternative fracture and fatigue tests have been conducted on a single DCB specimen under mode-

I loading in order to measure the fracture forces (�	) and the fatigue crack growth rate (�� ��⁄ ) as 

a function of applied load, respectively. The critical energy release rate (�
	) has then been 

calculated from measured �	 and crack length (�). The maximum energy release rate in each 

cycle (����) of fatigue tests was also determined from the maximum load of cycle (����) and 

fatigue crack length. 

A closed-loop servo hydraulic system (MTS 810) was used in this study which had two aligned 

hydraulic actuators (2 x 15 kN) applying tensile forces on upper and lower arms of the DCB 

specimen. This dual-actuator machine is especially adapted for the adhesive joint testing under 

complex-mode loading by means of an end-support fixture, as shown in Figures 1a and 1b. 

Thirteen DCB specimens were fabricated and tested in this study under mode-I loading at different 

testing frequencies ranging from 4 to 20 Hz. The first specimen was tested under quasi-static 

loading in order to give an idea of the variation of fracture force along the length of DCB specimen. 

This also determined the first value of critical energy release rate (�
	) for the adhesive selected. 

     

Fig. 1:  (a) Dual-actuator test setup of this study and (b) end-support fixture. 
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Adhesive 

3M™ Scotch-Weld™ DP920 (“DP920”) is a general-purpose two-part (2:1 mix ratio) toughened 

epoxy structural adhesive with a 20 minute work life. It exhibits excellent shear and peel strengths 

along with good impact and durability. It bonds to oily metal substrates with minimal surface 

preparation  [43]. Full adhesive curing occurred in 24 hours at room temperature (RT) followed by 

60 min at 60°C. 

A series of tensile tests have preliminarily been conducted in accordance to ASTM D638  [44] using 

dogbone specimens (Type I) in order to determine the mechanical properties of DP920. 

Specimens were prepared by injecting liquid adhesive resin from dual pack cartridges into a plaque 

mold consisting of two glass plates treated with Frekote 55-NC (Loctite) mold release agent and 

separated by a 3.2 mm thick silicone gasket.  The plaque molds were then placed in a convection 

oven for curing. Dogbone specimens were then machined from the plaques using a diamond saw 

and a router / dogbone jig to the dimensions shown in Figure 3.  Specimen edges in the gage 

region were then lightly sanded with 600 grit sand paper to remove any large defects before 

testing. The inclusion of occasional 1 to 2 mm sized bubbles in the cured plaques and specimens 

was unavoidable due to the generally high viscosity of the resin.  Although attempts were made to 

keep the worst bubbles out of the specimens it was generally difficult to keep them all out. 

Tests were performed on a 20 kN MTS 880 hydraulic load frame equipped with a 2200 N load cell 

and wedge-type grips.  Two extensometers were attached within the 50.8 mm gage region. The 

first was an axial extensometer with a grip length of 25.4 mm and a maximum range of 15% strain 

to measure the specimen axial strain.  The second was a transverse extensometer to allow the 

determination of Poisson's ratio.  Tests were performed at rate of 5 mm/min giving a nominal strain 

rate of 10% /min. Test results are summarized in Table 1 while Figure 2 shows the stress-strain 

curves for five DP920 dogbones tested at room temperature. 

 

 



 

 

 

 

                 

Fig. 2:  (a) Schematic of dogbone specimen tested, 

(b) Stress-strain curves for the dogbones of DP920 tested at RT. 

 

Specimen preparation 

Thirteen double cantilever beam (DCB) specimens of this study were made from aluminum bars 

(2024-T351, T 12.7 mm × W 25.4 mm × L 305 mm) through three assembling batches #1, #2 and 

#3. In each assembling batch, five specimens were fabricated and designated as “x-y” where “x” 

and “y” represent batch (1 to 3) and specimen numbers (1 to 5). Prior to bonding, the bars were 

cleaned by solvent and then treated as a standard sulfuric acid/ sodium dichromate etch (FPL 

etch) and phosphoric acid anodization process  [45]. Aluminum bars were then bonded by the 
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Table 1: Mechanical properties of adhesive DP920 at RT 

Specimen 
Young’s 
Modulus 
(MPa) 

Poisson’s 
Ratio 

0.2% 
Offset Yield 

(MPa) 

Elongation 
at failure 

(%) 

1 1471.6 0.352 16.8 2.9 

2 1521.1 0.357 16.8 4.1 

3 1750.3 0.381 20.8 2.7 

4 1691.3 0.390 18.7 3.0 

5 1607.4 0.349 18.6 4.1 

  Average 

  Standard Dev. 

1608.3 

7% 

0.366 

5% 

18.4 

9% 

3.4 

21% 
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adhesive DP920 with a nominal adhesive bondline thickness of 0.5 mm. A folded aluminum foil 

was used as precrack with an approximate length of 28 mm. Figure 3 shows the final geometry of 

DCB specimens which was slightly shorter than the one recommended by ASTM Standard D3433 

 [46] due to test setup limitations. 

Ten crack detection sensors (CDS) (Vishay CD-23-10A) were bonded to one face of each DCB 

specimen as an alternative method to optical crack length measurement. Equally-spaced CDS’s 

were bonded to the first specimen, as shown in Figure 4,  whilst unequal distances in monotonic 

(10 mm) and cyclic (25 mm) regions were respected for the remaining specimens. The sensors 

were also used for controlling the testing machine in switching between quasi-static and fatigue 

tests in case when a CDS was broken. A compact electronic interface was designed to process the 

signals coming out of CDS’s by using a programmable microcontroller of Microchip Company. The 

device was programmed to send digital signals consistent with the testing machine and also to 

ensure that the CDS’s are not initially defective.  

 

Fig. 3:  Geometry of DCB specimens (All dimensions are given in millimeters). 

 

Fig. 4:  Crack detection sensors (CDS) bonded to DCB specimens (Vishay CD-23-10A). 
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Prior to testing, the bondline thickness and the position of CDS’s bonded to each specimen were 

carefully measured by using two techniques: (a) micrometer measurements of specimen thickness 

as well as both substrates, and (b) by using a travelling microscopic equipped with Clemex
TM

 CCD
†
 

Camera and measurement software to directly measure the bondline thickness. The first method 

provided the fairly consistent results as the rounded bar corners could cause some degrees of 

uncertainty in the microscopic measurements. It can be seen from Figure 5 that the bondline 

thicknesses were almost constant along the length of DCB specimens (x-coordinate). The average 

bondline thickness was very close to the nominal value (0.5 mm) for different assembling batches, 

as shown in Figure 5 and Table 2.  

 

Fig. 5:  Variation of bondline thickness for DCB specimens. 

 

Test procedure 

A novel testing methodology was developed in this study for simultaneous evaluation of quasi-

static and fatigue behaviors of adhesive joints. Monotonic and cyclic loads were alternatively 

applied to DCB specimens in order to determine the local critical energy release rate (�
	) as well 

as fatigue crack growth rate (�� ��⁄ ) as a function of applied load.   
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 for specimen 2-3. 



 

 

Fig. 7:  Variation of joint compliance and time-to-fracture for specimen 2-3. 

Figure 8 and 9 show the variations of fracture forces (�	) and pin displacement at fracture (
	) as a 

function of crack length. It should be remarked that the discontinuity in measurements shown in 

figures is due to a temporary system shutdown. The crack propagation and the percentage of load 

drop were considered as an evaluation index for valid crack detection without any overshooting in 

the loading stage, Figure 8. Previous experiences �[41] showed that a load drop less than 10% 

normally provides the advancement of crack tip between 1 and 3 mm depending on the type of 

adhesive and its rigidity.   

 

Fig. 8:  Variation of fracture force vs. crack length for specimen 2-3. 
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Fig. 9:  Variation of pin displacement at fracture vs. crack length for specimen 2-3. 

As explained above, the test procedure differs in some aspects from ASTM Standard D3433  [46], 

in which the crosshead speed was varied in a way to keep time-to-fracture around 1 min. 

According to the standard, crosshead must be kept constant for a long duration after crack 

initiation to have the propagation relatively fully-stopped. 

As shown in Figure 10, each further combined mode-I test was started by a series of similar 

monotonic loading stages (Quasi-static 1, Quasi-static 2, Quasi-static 3, …) which followed a 

fatigue test at a pre-selected load amplitude (Cyclic 1, Cyclic 2, Cyclic 3,…). The aim of the 

monotonic tests was to determine the local �	 value as well as sharpening the crack tip for the next 

fatigue test. The local fracture forces (�	) were then used in the calculation of maximum fatigue 

force in each cycle (����) which varied between 76% and 35% of �	 for the first and the last cyclic 

tests, respectively. In total, five different constant-amplitude cyclic tests were carried out on the 

same specimen under load control with a load ratio of 0.1. The switch between monotonic and 

cyclic tests was triggered at a moment when a crack detection sensor was broken by crack 

propagation. This method was lately modified to apply a percentage of �	 determined from the 

latest step of monotonic test prior to a fatigue test. 
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Fig. 10:  Quasi-static and fatigue test sequences triggered by crack detection sensors. 

The advantage of this testing method is that one can determine both the adhesive quasi-static and 

cyclic performances by using a single specimen. This ensures that the mechanical performances 

are determined under the same conditions of pretreatment, curing and fabrication. It also 

eliminates the operator interference and also the need of optical crack length measurements or 

other sophisticated experimental method for crack length determination. 

After each test, the fracture surfaces were carefully examined for any sign of interfacial or semi-

interfacial fracture. In general, these can mostly be seen in cyclic zones due to damage 

accumulation, while cohesive failure is the dominant fracture mode in quasi-static zones [42]. 

However, this was not the case for the adhesive DP920 where the fracture surfaces were cohesive 

in both zones, as typically shown in Fig. 11. 

 

 

Fig. 11:  Typical fracture surface for a DCB specimen bonded by the adhesive DP920. 
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RESULTS AND DISCUSSION 

The mode-I critical energy release rate �
	 was preliminary determined by testing the first DCB 

specimen (2-3) under a series of monotonic loadings at a load rate of 10 N/s. A beam-on-elastic-

foundation model was employed in �
	 calculations resulting in equation (1). The readers are 

referred to  [48] for the detailed formulations of this model. 

( )22

3

212
Ic

ss

Ic f
tE

a
G Φ⋅=

 

(1) 

where ΦΦΦΦ
 can be replaced by following equation. 

41
3

1
2

2
1

2
1667.01





























−+








−+=Φ

a

saa
I E

E

h

t

h

t

a

h

 

(2)
 

 The parameters �, ��, ��,��, ��, and �	 in the equations (1) and (2) represent the crack length, the 

adherend and adhesive elastic moduli, the adherend and adhesive bondline thicknesses, and the 

fracture force per unit width of DCB specimen (�� ����ℎ⁄ ), respectively. The parameter � refers to 

half of the thickness of DCB specimen, i.e. � = �� + �� �⁄ . 

Figure 12 shows the measured �
	 points along the length of DCB specimen 2-3. These values 

were averaged for the points lied down on plateau section for being represented as the measured 

�
	 for the tested specimen. For the rest of specimens, five stages of quasi static loadings were 

considered in order to measure �
	 prior to each cyclic test. In total, an average value of �
	 = 

1328 J/m2 was measured for this adhesive. A summary of �
	 measurements is given in Table 2 

for the tested specimens categorized in three assembling batches #1, #2 and #3. A standard 

deviation of 7% was calculated in the �
	 measurements. In general, good repeatability was 

observed, as shown in Figure 13, for the specimens selected from different assembling batches. 

 

 

 

 



 

Table 2: Measured �
	 values for DCB specimens. 

Test 
No. 

Specimen 
No. 

Bondline 
thickness 

(mm) 

��  
(J/m

2
) 

1 2-3 0.690 1216 

2 2-5 0.559 1383 

3 3-3 0.523 1288 

4 3-4 0.523 1346 

5 3-5 0.416 1154 

6 3-2 0.475 1338 

7 3-1 0.472 1412 

8 1-1 0.616 1289 

9 1-2 0.583 1393 

10 1-3 0.574 1231 

11 1-4 0.576 1530 

12 1-5 0.595 1326 

13 2-2 0.557 1363 

Average Batch #1 0.589 1354 

Average Batch #2 0.602 1321 

Average Batch #3 0.471 1308 

Average all 

Standard Dev. 

0.550 

13% 

1328 

7% 

 

Fig. 12:  Measurements of �
	 along DCB specimen. 
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Fig. 13:  Repeatability in �
	 measurements for selected specimens among different batches. 

The influence of testing frequency on fatigue behavior of the adhesive DP920 was investigated in 

this study by varying the testing frequency from 4 to 20 Hz. The crack growth rate (�� ��⁄ ) was 

determined as a function of energy release rate variation in each cycle (∆�). Various ratios of 

∆� �
	⁄  ranging from 12 to 58% were taken into account in this study. Five different levels of ∆� 

were considered for each DCB specimen mainly in a decreasing order except for one specimen. 

All fatigue stages have been carried out in a short length of crack propagation (≅ 10 mm) in order to 

prevent a large difference of ∆� �
	⁄  between the start and ending stages of cyclic tests. This ratio 

was furthermore averaged over this length in order to increase the accuracy of measurements. A 

power law equation (Paris law) was fitted to each set of fatigue data, i.e. the variation of crack 

speed �� ��⁄  as a function of applied energy release rate ∆� as in equation (3). 
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In which Ĉ  and m̂  are power-law constants (material parameters). Figure 14 shows typical curves 

fitted for three specimens tested at 8 Hz. In general, a good repeatability in fatigue results was 

observed in each testing condition. It should be noted that the specimens of Figure 14 were 
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selected from three different assembling batches having different bondline thicknesses. Further to 

this, specimen 2-2 was tested under reverse order of load levels starting from lower ratios of 

∆� �
	⁄  toward higher levels. No significant differences were observed for the order of load levels 

or adhesive bondline thickness in the small range of 0.42 to 0.69 mm. 

 

Fig. 14:  Repeatability in fatigue results at 8 Hz for selected specimens among different 

assembling batches. 

The variation of energy release rate in each cycle (∆�) was normalized to �
	 (Table 2) in order to 

decrease the effects of normal scatter in test data, equation (4).  This equation was then used in 

evaluating the influence of testing frequency on fatigue behavior of DP920, as shown in Figure 15 

in (a) the normal and (b) semi-logarithmic scales. The coefficient � and the exponent � were 

measured and compared at different frequencies, as shown in Figure 15a in the curve fitting 

equations, in which � and � represent �� ��⁄  and ∆� �
	⁄ , respectively.
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 Fig. 15:  Effect of testing frequency on fatigue behavior of tested specimens 

in (a) linear and (b) semi-logarithmic scales. 

An alternative form of this equation can also be given as equation (5). It was found that the 

coefficient � can be considered as a quasi-static part and the exponent � represents mainly the 
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fatigue behavior of material in the power-law region. The material parameters of equations (4) and 

(5) are given in Table 3 at different frequencies and their frequency dependencies are also shown 

in Figure 16a and 16b. At lower frequencies, the parameters � and � tend toward 1.0 and very 

small values, respectively. This can almost be considered as quasi-static condition as ∆� 

approaches �
	. 

f
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



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⋅=∆

 

(5) 

It is evident from Figure 16a and 16b that there is a frequency dependency in power-law constants 

determined for the adhesive DP920. The maximum variations of 58% and 24% in material 

parameters � and � were observed when testing frequency increased from 4 to 20 Hz. 

In general, the fatigue performance of an adhesive can only be determined when its threshold 

energy release rate ��� is determined. But, one may say that the lower value of power-law 

exponent � represents a smoother fatigue curve and thus a better fatigue resistance. An estimation 

of ��� can, however, be obtained by using this test method when one of the load levels is selected 

in a way that causes no evident crack propagation after 106 cycles. The data points laid down on 

the abscissas of Figure 14 and 15b represent this condition. Hence, one may say that the adhesive 

fatigue threshold value is somewhere around 200 J/m
2
 depending on testing frequency, as was 

shown in Figure 15b. 

Table 3: Paris-law coefficients versus testing frequency 

 
Frequency (Hz) 

Coefficient 
C x 10

2
 

Exponent 
m 

Coefficient 
Q 

Exponent 
f 

4 20.49 5.25 1.12 0.17 

8 10.38 5.00 1.44 0.19 

12 9.11 4.81 1.57 0.20 

16 5.13 4.66 1.76 0.21 

20 6.82 4.81 1.61 0.20 

Max. variations 
Comparing to 4 Hz 

-75% -11% 58% 24% 



 

 

 
 
 

 

Fig. 16:  Variation of Paris-law coefficient with testing frequency 

for (a) Equation (4) and (b) Equation (5). 
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CONCLUSIONS 

A novel experimental technique was developed in this study for simultaneous evaluation of quasi-

static and fatigue behaviors of adhesive joints. The method requires a minimum operator influence, 

thus, lower experimental cost. Due to alternative monotonic and cyclic loadings, different fatigue 

load levels can be applied to a single adhesively bonded specimen without any interference to 

other test stages. The influence of testing frequency was also investigated. Thirteen double 

cantilever beam specimens (DCB) were fabricated with a nominal adhesive thickness of 0.5 mm 

and tested under cyclic loads at different frequencies between 4 and 20 Hz. The fatigue 

performance under each condition was represented by a power-law relationship (Paris-law). The 

experimental results of this study revealed that the power-law constants were affected by testing 

frequency but not very sensitive to loading history or to small adhesive thickness variations of this 

study. The following conclusions can be extracted from the test results of this study. 

� In general, a good repeatability was observed in both critical energy release rate (�
	) and 

crack speed (�� ��⁄ ) measurements. This can be considered as another validation for the 

automated test procedure developed in this study. Very consistent crack detection was observed. 

� An average critical energy release rate (�
	) of 1328 J/m
2
 was measured for this adhesive in 

both monotonic test and quasi-static loading stages between fatigue tests. 

� The selected toughened epoxy adhesive had mid-range stiffness (≈1.6 GPa) and demonstrated 

a good fatigue resistance with a threshold load that varied was between 35% and 39% of the 

corresponding quasi-static fracture force. It was estimated that the adhesive has a threshold 

energy release rate around 200 J/m
2
 that was slightly dependant on testing frequency. 

� This threshold value is still far from the adhesive critical energy release rate (15% of �
	). This 

significant influence of fatigue loading cannot be ignored in adhesive joint design when the 

presence of cyclic loads is expected. 

� Significant influences of testing frequency on power-law constants were observed. The 

reductions of 75% and 11% were determined in power-law coefficient and exponent, respectively, 



 

when the testing frequency increased from 4 to 20 Hz. In the case of reverse power-law constants, 

58% and 24% increases were determined within the same range of frequency. This means that the 

fatigue performance of adhesive joints can be underestimated at higher frequencies. Lower fatigue 

load limit can be estimated for the adhesive joint tested at higher frequencies that is hence in the 

safe direction. 

� The fatigue threshold was not, however, that much sensitive to testing frequency. On the other 

hand, one may say that the crack speed was dependant on the testing frequency in the power-law 

region far enough from the threshold value. However, the measured threshold value can still be 

considered accurate even at higher frequencies. Thus, one may say that the variable-frequency 

tests can be considered as a solution in precise determination of adhesive fatigue behavior. Lower 

frequencies can be considered for the regions far from fatigue threshold. Limited number of cycles 

and hence time is required to propagate the crack up to a certain extent in such a region. On the 

other hand, higher frequencies can be used around threshold regions. This will cause a significant 

reduction in testing time as the number of cycles is in the scales of millions around threshold 

region. 

� No evident influence of loading scenarios was observed in fatigue tests either in descending or 

ascending order. 

� Small dependencies to the adhesive thickness were observed in both �
	 and �� ��⁄  

measurements for the small range of adhesive thickness variations of this study (0.42 to 0.69 mm). 

� It was observed that the fatigue failure loci remained totally cohesive and, for this adhesive, 

less sensitive to loading type. 
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