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COUPLED EFFECT OF LOAD RATIO AND FREQUENCY ON MECHANICAL 

FATIGUE BEHAVIOUR OF PRECAST ALUMINIUM/ARAMID  

FIBRE COMPOSITE 

Dynamic tests with different load ratios and frequencies provide designers with the necessary information to evaluate the 

longevity of different structures as well as minimize weight due to a possibly smaller factor of safety. The influence of loading 

frequency on the fatigue behaviour of an aluminium composite material (ACP) with an aramid honeycomb core was studied. 

The mechanical behaviour was assessed by three-point static bending tests, followed by cyclic flexural fatigue tests employing 

the fabricated sandwich samples, with loading frequencies of 5, 7.5 and 10 Hz. The experimental results were presented on  

a single graph in order to highlight the different behaviours for the adopted frequencies. Indeed, the tests allowed the authors 

to determine the different cycle number values necessary to achieve resistance losses of 10 and 25%, respectively. The experi-

ments were carried out for the same loading level of 80% of the maximum force, which is taken as equal to the elastic limit in 

order to avoid the field of plastic deformations. 

Keywords: composite sample, experimental tests, loading frequency, cycle number, flexural fatigue, test-end criterion 

 
 

INTRODUCTION 

Composite sandwich structures are special types of 

composite materials that are produced by inserting  

a thick, lightweight core between two thin, stiff and 

strong polymer composite face-sheets. Also, an adhe-

sive material is used to join the face-sheet to the core. 

Since the thickness of the structure increases, its bend-

ing load bearing capacity is also enhanced. 

Sandwich panels are an example of a sandwich 

structured composite: the strength and lightness of this 

technology makes it popular and widespread. Its versa-

tility means that the panels have many applications and 

come in many forms: the core and skin materials can 

vary widely and the core may be a honeycomb or  

a solid filling [1].  

Recently, studies on the fabrication and mechanical 

behaviors of newly-manufactured sandwich structures 

with a hexagon honeycomb core have been conducted 

[2-4]. Parametric studies are performed considering dif-

ferent stiffener configurations, panel thicknesses and 

materials in composite sandwich panels.  
The fields of application, properties and perform-

ance of composite sandwich structures have been exam-

ined and compared in many research works in the last 

few decades [5-9]. The creep, static and fatigue charac-

teristics of polyurethane foam-cored sandwich struc-

tures and end-grain balsa with hexagonal honeycombs 

constructed of aluminium or aramid paper and PVC 

cores were scrutinized. Square-cell honeycomb was 

also considered in predicting the free-vibration response 

of infinitely long and rectangular sandwich panels. 

Moreover, the tribological and permeability properties 

of carbon-copper composites and synthetic gypsum, 

paraffin and polymers were experimentally investi-

gated.  

Bousfia et al. [10], formulated a hybrid procedure in 

order to predict the damage of a laminate composed of 

UD FRP laminate under random loading. The technique 

is based on a stiffness degradation model (SDM) com-

bined with an energy approach taking into account the 

effect of the load ratio. A coupling algorithm was de-

veloped to survey the damage progress of the composite 

laminate and consequently predict its damage rupture. 

Test frequency exerts a considerable influence on 

the dynamic mechanical behaviour of composite mate-

rials. The effect of test frequency on the fatigue behav-

iour of a carbon fibre/epoxy matrix composite is  

examined in [11]. The monitored dynamic mechanical 

property responses reflect a strong dependence of the 

angle ply specimen fatigue response on the test fre-

quency. 

The very high cycle fatigue behaviour of a glass  

fibre-reinforced laminate and carbon fibre-reinforced 

polymers was tested at six different load levels. A spe-

cial high-frequency four-point bending test rig was set 
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up, in a frequency range between 50 and 80

a stress ratio between 0.29 and 0.49

common problems such as specimen heating [12, 13]. 

Load cycle numbers of up to 10
8
 and 10

within acceptable testing times.  

The influence of the loading frequency on the f

tigue behaviour of a coir fibre-reinforced polypropylene 

composite was considered in [14]. The mechanical 

behaviour was assessed through monotonic tensile and 

flexural tests, followed by cyclic bending fatigue tests 

employing new specimen geometry, with loading fr

quencies ranging from 5 to 35 Hz. 

The experimental results of tension

-controlled fatigue tests, performed on 

sheet moulding compound (A-SMC), are presented in 

[15]. It was shown that the coupled effect of the loading 

amplitude and the frequency affects the nature of the 

overall fatigue response, which can be governed by the 

accumulation of damage mechanisms and/or by self

heating. 

Industry needs products with high a dynamic 

strength to weight ratio. Usually static mechanical 

properties are presented in handbooks and adapted for 

dynamic loading conditions with a factor of safety. 

Unfortunately, the use of such a method does not pr

vide enough understanding about how long the specific 

structure will work under certain conditions. 

posed work is an experimental study on

fatigue behaviour of an aramid/aluminium composite 

panel with a honeycomb core under three

stress. The influence of the loading frequency on this 

behaviour, using four specimens, is investigated 

through static bending and fatigue tests within a defined 

range of excitation frequencies and loading levels.

SPECIFICATIONS AND TESTS CONDITIONS

The main concept of the sandwich structure is that 

exterior surfaces transfer loads caused by bending 

(flexural load and compression), while the core tran

fers load caused by shearing. Accordingly, the work 

mode of the sandwich panel described macroscopically 

can be rightly compared to tasks performed by an 

I-beam. 

There are various options for designing a composite 

sandwich panel (Fig. 1). Any variation in the facesheet, 

core type and overall geometry will have a great im

on the general structural properties.  

The studied sandwich panel, with aluminium skins 

and an aramid honeycomb core, was fabricated in the 

laboratory. The designed samples wer

thin sheets 175 µm thick, partially glued and stacked, 

which thereafter underwent expansion. The core/skin 

connection was ensured by gluing using epoxy adhesive 

film. 

Test pieces were cut according to the "L" direction 

of the sandwich panel cells. Their dimensions (Fig. 2) 

were defined according to the AFNOR NF 54
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in a frequency range between 50 and 80 Hz and  

a stress ratio between 0.29 and 0.49, to circumvent 

common problems such as specimen heating [12, 13]. 

and 10
9
 were reached 

loading frequency on the fa-

reinforced polypropylene 

. The mechanical  

monotonic tensile and 

flexural tests, followed by cyclic bending fatigue tests 

employing new specimen geometry, with loading fre-

xperimental results of tension-tension stress- 

controlled fatigue tests, performed on an advanced 

SMC), are presented in 

[15]. It was shown that the coupled effect of the loading 

amplitude and the frequency affects the nature of the 

overall fatigue response, which can be governed by the 

anisms and/or by self-

Industry needs products with high a dynamic 

strength to weight ratio. Usually static mechanical 

properties are presented in handbooks and adapted for 

dynamic loading conditions with a factor of safety.  

method does not pro-

vide enough understanding about how long the specific 

structure will work under certain conditions. The pro-

posed work is an experimental study on the mechanical 

aramid/aluminium composite 

under three-point bending 

The influence of the loading frequency on this 

behaviour, using four specimens, is investigated 

through static bending and fatigue tests within a defined 

range of excitation frequencies and loading levels. 

TS CONDITIONS 

The main concept of the sandwich structure is that 

exterior surfaces transfer loads caused by bending 

(flexural load and compression), while the core trans-

fers load caused by shearing. Accordingly, the work 

dwich panel described macroscopically 

can be rightly compared to tasks performed by an  

There are various options for designing a composite 

sandwich panel (Fig. 1). Any variation in the facesheet, 

core type and overall geometry will have a great impact 

with aluminium skins 

was fabricated in the 

were obtained from 

thick, partially glued and stacked, 

expansion. The core/skin 

s ensured by gluing using epoxy adhesive 

e cut according to the "L" direction 

of the sandwich panel cells. Their dimensions (Fig. 2) 

were defined according to the AFNOR NF 54-606 stan-

dard. Width b of the specimen 

the standard requirements. The exact dimensions of the 

panel were: skin thickness tf 

thick, and the structure thickness 

length L of the test piece wa

alveoli of the sandwich composite of the nida

shaped like a regular hexagon with an inscribed diam

ter of 6.4 mm and 148 kg/m
3
 

comb shaped structure provides a material with minimal 

density and relative high out

properties and out-of-plane shear properties

 

Fig. 1. Composite structures types: a) foam core, b) balsa core, 

c) honeycomb core, d) corrugated core

Fig. 2. Sandwich specimen dimensions 

 

Characteristic 

Cell angle 

Cell diameter 

Inclined wall length 

Horizontal wall length 

Central wall thickness 

Inclined wall thickness 

Fig. 3. Alveolus dimensions 

tf 

a) b)

d)c) 
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Width b of the specimen was set at 25 mm to meet 

The exact dimensions of the 

 = 1 mm, core c = 8 mm 

thick, and the structure thickness h = 10 mm. Total 

was 200 mm. The cells or  

alveoli of the sandwich composite of the nida-core were 

shaped like a regular hexagon with an inscribed diame-

 density (Fig. 3). A honey-

vides a material with minimal 

density and relative high out-of-plane compression 

shear properties (Table 1).  

 
: a) foam core, b) balsa core,  

c) honeycomb core, d) corrugated core 

 
Sandwich specimen dimensions  

 

Value 

θ = 30°  

Φ = 6.4 mm 

a = 3.695 mm 

 b = 3.695 mm 

 t' = 400 µm 

 t = 175 µm 

) 

) 
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TABLE 1. Mechanical properties of composite panel 

Material property Value 

A
ra

m
id

 c
o

re
 

Cell size 3.2 mm 

Density 148 kg/m3 

Shear resistance (L direction)  3.5 MPa 

Shear modulus (L direction)  130 MPa 

Compressive strength (L direction)  15.5 MPa 

A
lu

m
in

iu
m

 S
k
in

s
  

Young's modulus 70000 

Tear resistance 270 MPa 

Tensile strength 370 MPa 

Elongation to break 13% 

Poisson’s ratio 0.33 

 

   
Fig. 4. Static bending test machine 

    
Fig. 5. Bending fatigue testing device (Epsiflex machine) 

Static bending tests (Fig. 4): 

− Number of trials: 4 

− Speed: 5 mm/min 

− Temperature: 27°C 

− AF 54-606 compliant inter-support: L = 120 mm 

Flexural fatigue tests (Fig. 5): 

− Corrugated sinusoidal loading 

− Loading frequency of 5 Hz  

− Ratio L/h = 12 

− Load ratio fixed at R = fmin/fmax = 0.2   

EXPERIMENT RESULTS 

Static tests 

Experimental bending tests under monotonic load 

ratio were performed in order to plot the resistance loss 

graphs. 

Composite design in the case of fatigue loading is 

usually characterized by an S-N curve, from which one 

may obtain a Wöhler curve. This later can be presented 

as a curve giving the value of the cyclic stress ampli-

tude. Unfortunately, the software used by the available 

testing machine uses only forces in the ordinate axis 

instead of stresses. Nevertheless, we believe that the 

shape of the obtained curve is very significant and simi-

lar to the usually presented S-N (Fig. 6). 

 

 
Fig. 6. Force-displacement curves 

There are three zones of deformation:      

− A linear zone corresponding to elastic deformation 

up to a limit value (≈ 760 N) corresponding to an 

arrow f ≈ 2 mm. 

− A non-linear area corresponding to plastic deforma-

tion up to the maximum value (≈ 960 N). 

− A non-linear zone corresponding to damage by 

plastic deformation with a decreasing appearance 

without reaching a final rupture. 

Endurance tests 

Four tests, illustrated in Figure 7, were performed 

for three loading levels:  

− First load level of 90% with initial loading force  

F
o
 = 0.9 F

max
 = 648 N, 

− Second load level of 80% with initial loading force  

F
o
 = 0.8 F

max
 = 576 N, 

− Third load level of 70% with initial loading force  

F
o
 = 0.7 F

max
 = 504 N.  
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Fig. 7. Resistance loss curves: a) 90% load, b) 80% load, c) 70% load  
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Influence of excitation frequency 

The loading frequency was varied for the intermedi-

ate level (80%) by setting it respectively at 5, 7.5 and 

10 Hz (Fig. 8). 

 

 

Fig. 8. Resistance loss curves 

Interpretation of experimental curves  

In what follows, N10 and N25 are the numbers of  

cycles necessary for the material to lose, respectively, 

10 and 25% of its resistance, i.e. when the F/Fo ratio 

reaches, respectively, the values 0.9 and 0.75. Important 

characteristics, set out below, concerning the number of 

cycles characterizing the test end criteria can be noticed 

on the resistance loss curves (Fig. 8). 

Test end criterion 90% 

The necessary number of cycles to obtain a resis-

tance loss of 10% (N10) is given by the following 

ranges: 

− [10
5
, 4.7×10

5
] for specimens subjected to fatigue 

tests at the frequency of 5 Hz. 

− [3.5×10
4
, 7.2×10

4
] for specimens subjected to fa-

tigue tests at the frequency of 7.5 Hz. 

− [2.3×10
4
, 8.4×10

4
] for specimens subjected to fa-

tigue tests at the frequency of 10 Hz. 

 

 

TEST-END CRITERION OF 90%, R = 0.2    

 

f = 5 Hz Specimen 1 Specimen 2 Specimen 3 Specimen 4 

L
o

a
d

 l
e
v

e
l 

8
0
%

 

N 102050 154550 321050 468050 

Log N 11.53321817 11.94827295 12.67935215 13.05633041 

F/Fo 0.9 0.9 0.9 0.9 

Max deflection amplitude (mm) 1.57 1.57 1.57 1.57 

 

f = 7,5 Hz Specimen 1 Specimen 2 Specimen 3 Specimen 4 

L
o

a
d

 l
e
v

e
l 

8
0
%

 

N 35100 48200 51400 72100 

Log N 10.4659564 10.7831143 10.8473935 11.1858093 

F/Fo 0.9 0.9 0.9 0.9 

Max deflection amplitude  (mm) 1.57 1.57 1.57 1.57 

 

f = 10 Hz Specimen 1 Specimen 2 Specimen 3 Specimen 4 

L
o

a
d

 l
e
v

e
l 

8
0
%

 

N 23100 27600 70700 84100 

Log N 10.0475879 10.2255711 11.1662009 11.3397618 

F/Fo 0.9 0.9 0.9 0.9 

Max deflection amplitude (mm) 1.57 1.57 1.57 1.57 
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Test end criterion 75% 

The necessary number of cycles to obtain a resis-

tance loss of 25% (N25) is given by the following 

ranges: 

− [1.2×10
5
, 5.2×10

5
] for specimens subjected to fa-

tigue tests at the frequency of 5 Hz. 

− [4×10
4
, 9×10

4
] for specimens subjected to fatigue 

tests at the frequency of 7.5 Hz. 

− [2.6×10
4
, 9.7×10

4
] for specimens subjected to fa-

tigue tests at the frequency of 10 Hz. 

The material behaviour in the three-point cyclic bend-

ing fatigue test for the three loading frequencies, repre-

sented by the resistance loss curves in Figure 8, is present-

ed in detail by means of explicit tables and histograms. 

Considering the previous test end criteria, each batch of 4 

specimens is cyclically loaded with the same frequency. 

 

 
TEST-END CRITERION OF 75%, R = 0.2 

 

f = 5 Hz Specimen 1 Specimen 2 Specimen 3 Specimen 4 

L
o

a
d

 l
e
v

e
l 

8
0
%

  N 120050 175550 394550 522050 

Log N 11.6956636 12.07567918 12.88550115 13.16551865 

F/Fo 0.75 0.75 0.75 0.75 

Max deflection amplitude (mm) 1.57 1.57 1.57 1.57 
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L
o

a
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 l
e
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e
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8
0
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  N 39700 54000 65800 90100 

Log N 10.5891065 10.8967393 11.0943751 11.4086754 

F/Fo 0.75 0.75 0.75 0.75 

Max deflection amplitude (mm) 1.57 1.57 1.57 1.57 
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L
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a
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e
v

e
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8
0
%

 N 26000 31300 87100 97100 

Log N 10.1658518 10.3513734 11.3748122 11.4834967 

F/Fo 0.75 0.75 0.75 0.75 

Max deflection amplitude (mm) 1.57 1.57 1.57 1.57 
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Damage of studied material 

For the fracture mechanics analyses, after the fatigue 

and bending testing (Figs. 9 and 10), 

scope, together with image analysis was u

equipment consists of three parts: a light microscope, 

a macro observation system and a PC with ima

sis software. 

 

Fig. 9. Shearing of core walls: a) in static bending, b) in fatigue bending

Fig. 10. Disbonding of core: a) in static bending, b) in fatigue bending

1 mm 

 

1 mm 

 

a) 

1 mm 

 

1 mm 

 

b) 
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For the fracture mechanics analyses, after the fatigue 

and bending testing (Figs. 9 and 10), a light micro-

together with image analysis was used. The 

equipment consists of three parts: a light microscope,  

a macro observation system and a PC with image analy-

 

 
a) in static bending, b) in fatigue bending 

 

 
a) in static bending, b) in fatigue bending 

Fig. 11. Indentation of skins 

Brief comments on results 

Microscopic analysis provides even better unde

standing of the different damage modes involved 

in various loading conditions. 

microscope, after static and cyclic flexion, allowed the 

different modes of damage to be examined

fications (Figs. 9-11) show indentation of the skins and 

detachment and/or shearing of the honeycomb core, 

leading to the deterioration of the samples

In terms of damage, we can perceive during static 

bending:  

− significant indentation of the skins (Fig. 11),

− cracking of the core, causing rupture of the cells,

− separation of the core (Fig. 10a).

In cyclic stress: 
− slight indentation of the skins following plastic 

deformation (Fig. 11), 

− buckling of the cells causing their shearing (Fig. 9b),

− separation of the core (Fig. 10b).

CONCLUSIONS 

The experiments carried out

fatigue behaviour of an aluminium/aramid composite 

panel with an alveoli core in three
vealed that high strain rates during monotonic loading 

lead to higher flexural strength. Moreover, high loading 

frequencies in cyclic bending tests reduce the fatigue 

life of the sandwich panel, and the criterion

ing is reached more rapidly. Fractographic examination 

showed that one of the reasons for the reduced fatigue 

life under higher loading frequencies might be related 

 

 

Microscopic analysis provides even better under-

different damage modes involved  

in various loading conditions. Observation by a light  

static and cyclic flexion, allowed the 

to be examined. The magni-

11) show indentation of the skins and 

detachment and/or shearing of the honeycomb core, 

leading to the deterioration of the samples. 

amage, we can perceive during static 

significant indentation of the skins (Fig. 11), 

, causing rupture of the cells, 

separation of the core (Fig. 10a). 

slight indentation of the skins following plastic  

buckling of the cells causing their shearing (Fig. 9b), 

separation of the core (Fig. 10b). 

The experiments carried out on the mechanical  

fatigue behaviour of an aluminium/aramid composite 

in three-point bending re-

vealed that high strain rates during monotonic loading 

lead to higher flexural strength. Moreover, high loading 

frequencies in cyclic bending tests reduce the fatigue 

life of the sandwich panel, and the criterion for test end-

reached more rapidly. Fractographic examination 

showed that one of the reasons for the reduced fatigue 

life under higher loading frequencies might be related 
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to the increased heat generation by hysteresis, leading 

to a fatigue damage mechanism.  

The outcomes that emerge from this study show that 

sandwich panels with a honeycomb core have mechani-

cal characteristics comparable to homogeneous materi-

als. The loss of resistance becomes significant after  

a large number of cycles. However, a delay in the mate-

rial resistance loss was noticed for moderate cyclic 

loadings at average frequencies (from 1 to 10 Hz). The 

skins and then the core are respectively damaged, lead-

ing to failure of the specimens, without a premature 

buckling effect. 

Finally, it can be concluded that the life expectancy 

of Al/Aramid sandwich composites is strongly influ-

enced by a coupled effect between the loading force-

ratio and frequency. The test-end criterion is deter-

mined depending on the excitation frequency. Thus, the 

results encourage the development of good practices 

regarding test frequencies in order to be able to under-

stand the mechanical effects and provide relevant data 

for structural integrity assessments. 
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