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This can increase the ecological and eco-
nomic performance in the sense of re-
source-oriented lightweight construction.

Test Method

Physical measurement methods have been 
employed during the fatigue tests to deter-
mine the influence of joining, environment 
and manufacturing processes on the devel-
opment of fatigue damage taking the ap-
plied loadings into account. The fatigue 
damage development determined in step-
wise and continuous load increase tests 
serves as a basis for determination of suit-
able loading parameters in single step 
tests. The corrosion behaviour of the corro-
sion-susceptible light metals (aluminium, 
magnesium) and composites of metals and 
carbon fiber-reinforced plastics (CFRP) 

Lightweight materials are distinguished 
by good mechanical properties combined 
with low density and faces challenges in 
many areas of new joining technologies. In 
addition to the systematic microstructure-
oriented characterization of the fatigue be-
haviour, development of application-ori-
ented measurement and analysis methods 
for component design and operational con-
dition-monitoring with the aim of remain-
ing lifetime assessment is another key 
area. On the basis of a precise characteriza-
tion, evaluation and prediction of fatigue 
mechanisms taking into account the ex-
pected load and the corresponding fatigue 
life, component design can be optimized 
resulting in a reduction of safety factors. 

Besides promising part design and applica-
tion-oriented material selection, the under-
standing of the fatigue performance of the 
employed materials and joints is of critical 
importance for a reliable and economic op-
eration of cyclically loaded components. The 
fatigue behaviour is very closely related to 
the microstructure and characterized by the 
complexity of the interacting operations. Al-
ternating stresses cause micro-plastic defor-
mation in the material and characteristic 
dislocation structures by cyclic hardening 
and/or softening mechanisms. These dislo-
cations can be the starting points of a fa-
tigue crack. The fatigue-related property 
changes lead to crack initiation followed by 
crack propagation, and ultimately to failure.

Stress-strain-hysteresis, change in deformation-induced temperature 
and change in DC-based electrical resistance measurements are applied 
for the detailed characterization of structural-mechanical processes in 
construction materials and joints under multiple-step and single-step  
fatigue loading. Results concerning the influence of joining technologies 
on austenitic steel AISI304, carbon-fiber reinforced polymers (CFRP) 
and beech wood materials, of environmental media on magnesium al-
loys Mg-4Al-2Ba-2Ca (DieMag422) and Mg-10Gd-1Nd, and of manufac-
turing processes on titanium alloy Ti-6Al-4V and wood-plastic compos-
ites (WPC) are discussed. The load- and cycle-dependent change in  
microstructure was investigated by light and electron microscopy and 
correlated with fatigue properties, to reach a preferably precise descrip-
tion of process structure property relationship in a qualitative and quan-
titative manner. The time-efficient load increase procedure applied for 
evaluation of joining, environmental and manufacturing influence on  
fatigue performance is suitable for production-accompanied usage.
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was characterized using electrochemical 
test systems. The results portray the quali-
tative and quantitative influence of manu-
facturing parameters as well as corrosive 
conditions on the fatigue properties.

Changes in the mechanical material be-
haviour under cyclic loading are usually de-
scribed by means of the plastic strain ampli-
tude [1, 2] which is plotted as a function of 
the number of cycles in cyclic deformation 
curves. In addition, the change in deforma-
tion-induced temperature [3-5] and the 
change in DC-based electrical resistance [6-
9] during the tests have been determined 

with high accuracy. Besides the geometry 
the electrical resistance depends on the re-
sistivity which varies with the plastic form-
ing processes due to increased defect den-
sity, i. e., micro-cracks, pores. The measur-
ands based on microstructural changes in 
the material volume are directly related to 
the current fatigue state. Thus, temperature 
and resistance measurement methods can 
be applied for condition monitoring of com-
ponents and for non-destructive early detec-
tion of the damage state of the component in 
inspection intervals to ensure optimized 
structural integrity [10-14]. 

A representative experimental setup 
with a round specimen mounted in a servo-
hydraulic testing system with applied 
measurement sensors is illustrated in Fig-
ure 1a as photograph and corresponding 
schematic drawing in Figure 1b.

Stepwise and continuous load increase 
tests [10-13] were carried out to determine 
damage and fracture inducing loadings as 
well as parameter identification for micro-
structure-correlated single step tests in 
short time. 

In Figure 2 two types of short time load 
increase tests are illustrated schematically 
including corresponding material responses. 
In Figure 2a, the stress amplitude starts at 
quasi-damage-free level σa,start and is step-
wisely increased by Δσa each ΔN cycles 
until failure. In Figure 2b, the stress ampli-
tude is continuously increased from σa,start 
by slope dσa/dN until failure. For both 
cases of load increase procedure the corre-
sponding material response based on phys-
ical measurement techniques, i. e., plastic 
strain amplitude εa,p, change in tempera-
ture ΔT and change in electrical resistance 
ΔR, are plotted as cycle- and load-depend-
ent development. The endurance limit 
σa,e (LIT) can be estimated by the determina-
tion of the transition from zero values to 
significantly increasing material response 
values and the failure stress amplitude 
σa,f (LIT) can be determined as the last load-
ing amplitude at the end of the load in-
crease test (LIT) [11, 14].

One test in load increase mode gives 
comprehensive information about the cy-
clic properties and fatigue performance of 
a material, a material condition, fastenings 
and joining parameters and processes 
which have been experimentally validated 
in single step tests in the high-cycle fatigue 
(HCF) range up to 2 × 106 or 107 load cy-
cles. Due to time- and cost-efficient advan-
tages, the rapid fatigue performance identi-
fication method based on combined load 
increase and few single step tests is suita-
ble for production-accompanied testing in 
the sense of property-optimized manufac-
turing of components.

Results

Brazed Joints of Austenitic Stainless Steel 
AISI 304 and Brazing Alloy BNi-2. Fig-
ure 3a represents the results of a stress-
controlled stepwise load increase test car-
ried out with a load ratio of R = 0.1 at fre-
quency f = 10 Hz for brazing joint AISI 304/
BNi-2. The maximum stress was increased 
from σmax,start = 100 MPa each ΔN = 104 cy-

Figure 1. Experimental 
setup of clamped  

specimen with applied 
sensors for fatigue tests 

in servo-hydraulic testing 
system, a) Photograph,  

b) Schematic illustration 

Figure 2. Tests with corresponding material responses as basis for determination of characteristic values, 
a) stepwise load increase, b) continuous load increase 
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cles by Δσmax = 10 MPa. The ordinate on 
the left hand side shows the maximum 
stress σmax as well as the stress amplitude 
σa. At the load ratio R = 0.1 the relation ap-
plies to σa = 0.45 × σmax = 4.5 × σmin be-
tween the stress amplitude, the maximum 
stress and the minimum stress. The plastic 
strain amplitude εa,p was measured with an 
extensometer of gauge length L0 = 10 mm, 
the change in temperature ΔT with thermo-
couples fixed in the middle of gauge length 
of specimen at the brazing seam, and the 
change in electrical resistance at the tran-
sition from gauge length to shafts of speci-
men [11, 14].

The life-cycle-dependent change in plas-
tic strain amplitude (εa,p-N) and change in 
electrical resistance (ΔR-N) are shown as a 
function of loading amplitudes σmax and σa, 
respectively, and number of load cycles N 
from 0.5 × 104 onwards. The failure of the 
brazed AISI 304/BNi-2 joint occurs at 
σmax = 230 MPa, where the plastic strain am-
plitude εa,p gives an indication only in the 
last few load cycles. The plotted change in 
electrical resistance ΔR gives a clearly ob-
servable indication of changing fatigue state 
and impending failure from σmax = 190 MPa 
onwards. The ΔR change increases to 2 µΩ 
at load level σmax = 230 MPa, before the fi-
nal macro-crack propagation increases it 
exponentially. These information gained 
by change in electrical resistance measure-
ment could be used for the evaluation of 
fatigue processes and damage develop-
ment in brazed joints. Only by combination 
of novel measurement and testing tech-
niques, in this case high-accuracy DC-
based resistance measurements in step-
wise load increase tests, the foundation of 
reliable condition monitoring and struc-
tural integrity of fatigue-loaded brazed 
parts can be guaranteed.

Plotting the change in resistance ΔR as 
function of the change in temperature ΔT for 
pair of values of defined load levels of an-
other stepwise load increase test (Figure 3b) 
reveals interesting features. After an initial 
approximately linear relation between ΔT 
and ΔR, the change in electrical resistance 
changes to exponential increase within the 
last load levels towards the end of the test. 
Based on ΔR the critical damage and the fail-
ure can be precisely characterized and pre-
dicted, since several fatigue mechanisms 
and defects are integrally included.

Figure 3c shows a cross-section of the 
brazing joint AISI 304/BNi-2 which was 
etched for 30 s in a cold etchant for high-
alloy steels. Along the brazing seam, an ac-
cumulation of dark areas as well as an infil-

Figure 4. a) Schematic illustration of blind rivet nut compound, b) schematic illustration of stepwise 
load increase test with measurement of change in displacement, c) change in displacement force ampli-
tude measurement for different plant forces of a CFRP stainless steel compound, d) microstructural  
cross-section of a CFRP aluminium compound after corrosion treatment

Figure 3. Test results for the AISI 304/BNi-2 brazing joints, a) stepwise load increase test with loading 
and material reaction values, b) correlation of deformation-induced changes in resistance and temper-
ature, c) microstructural cross-section 
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tration of the grain boundaries with compo-
nents of the brazing alloy can be observed. 
No brittle phase exists at the centre of the 
brazing seam.

Fastening of Carbon Fiber-Reinforced 
Polymer (CFRP) Sheets with Metallic 
Blind Rivet Nuts. With the objective of en-
suring reliable and reproducible produc-
tion technology, the influence of manufac-
turing parameters has been studied on the 
fatigue and corrosion behaviour of CFRP 
metal fastenings. Figure 4a represents the 
schematic of the fastening consisting of car-
bon fiber reinforced polymer (CFRP) sheet 
material with integrated metallic blind rivet 
nut (BRN). Blind rivet nuts are used to con-
nect multiple CFRP fabrics and the joining 
of other components by bolting, so addi-
tional components such as coarse thread 
bolts are no longer required. The influence 
of plant force, applied for joining of the fas-
tenings, on the fatigue behaviour of the fas-
tening was investigated. Based on pull-out 
and torsion tests, the process window was 
confined to the plant force of minimum 

(min), maximum (max), and normal (norm).
In force-controlled stepwise load in-

crease tests with load ratio R = -1 and fre-
quency f = 10 Hz, the force amplitude 
starting from Fa,start = 100 N was increased 
by ΔFa = 100 N in each step after ΔN = 104 
load cycles until failure. The development 
of displacement amplitude sa as a material 
response to the force amplitude Fa was re-
corded throughout the load cycles (Fig-
ure 4b), and evaluated taking into account 
the load steps as well as plant force (Fig-
ure 4c), in order to develop a relationship 
between plant force and fatigue behaviour.

At constant force amplitude, change in 
displacement amplitude Δsa was inter-
preted as a signal of damage in the CFRP-
metal fastening. The plot of the change in 
displacement per step as a function of 
plant force shows that initial damage as 
well as damage development depends upon 
the level of plant force. The specimens with 
minimum plant force show initial damage 
at Fa = 600 N, whereas those with maxi-
mum plant force at 700 N. The best results 

were achieved with a normal plant force, 
where the initial damage was detected ear-
liest at Fa = 800 N. By further increasing 
force amplitude, a comparable exponential 
damage accumulation is observed, suggest-
ing that this development is almost inde-
pendent of the load level leading to initial 
damage caused by plant force.

During project progression, the corro-
sion behaviour of the material combina-
tions CFRP aluminium and CFRP steel was 
investigated using electrochemical testing 
procedure – potentiodynamic polarization 
and immersion [15, 16]. While aluminium 
blind rivet nuts have high susceptibility to 
corrosion (Figure 4d), the corrosion resis-
tance is understandably improved by ap-
plying stainless steel blind rivet nuts with 
CFRP sheet material.

Newly Developed Magnesium Alloy 
DieMag422 (Mg-4Al-2Ba-2Ca). The newly 
developed magnesium alloy DieMag422 con-
tains nominally 4 wt.-% aluminium, 2 wt.-% 
barium and 2 wt.-% calcium. Scanning elec-
tron microscope (SEM) images (Figure 5a, 

Figure 5. Results for the magnesium alloy DieMag422, a) microstructure in initial state (left) and after corrosion treatment (right), b) estimated endurance 
limit and determined failure stress amplitudes in continuous load increase tests as function of corrosion state, c) cyclic deformation curves based on change 
in deformation-induced temperature measurements in singe step tests, d) model-based correlation between fatigue and corrosion values 
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left) and EDX studies show that the grain 
boundaries of the primary α-Mg phase sep-
arates a compact Ba-rich phase (area frac-
tion approx. 5.0 %) and a lamellar Ca-rich 
phase (area fraction approx. 10.8 %). Poten-
tiodynamic polarization measurements show 
a selective corrosive attack between the 
α-Mg phase and the lamellar Ca-rich phase 
(Figure 5a, right) [15, 16].

Endurance limit at 2 × 106 cycles was es-
timated based on the material reactions 
plastic strain amplitude εa,p, change in de-
formation-induced temperature ΔT and 
change in electrical resistance ΔR measured 
in continuous load increase tests with a 
starting stress amplitude of σa,start = 10 MPa 
and a cycle dependent stress amplitude in-
crease of dσa/dN = 8 MPa/104 at load ratio 
R = -1 and frequency f = 10 Hz. Figure 5b 
shows the estimated endurance limit 
σa,e (LIT) (left y-axis) and the fracture-in-
ducing stress amplitude σa,f (LIT) (right y-
axis) for the base material (non-corroded) 
and the investigated corrosion conditions 
pH7 for 1 hour, pH7 for 24 hours, and 
pH7 + 0.1 mol l-1 NaCl for 24 hours.

For estimation of the endurance limit in 
load increase tests, the progression of the 
material response values was approxi-
mated asymptotically referring to the de-
termination of the corrosion current den-
sity on the basis of anodic and cathodic 
branches by means of Tafel lines [11, 15, 
16]. The estimated endurance limit σa,e (LIT) 
decreased from 45 MPa in non-corroded 
state to 43 MPa after 1 hour in pH7. After 
24 h in 0.1 mol l-1 NaCl solution it de-
creases about 22 % to 35 MPa. The fracture-
inducing stress amplitude σa,f (LIT) shows a 

similar tendency with increasing corrosion 
grade. After 1 h in pH7 it decreases from 
72 MPa about 11 % to 64 MPa. In 0.1 mol l-1 
NaCl solution it decreases about 26 % to 
53 MPa. The quotient between estimated 
endurance limit σa,e (LIT) and failure stress 
amplitude σa,f (LIT) is about 66 % for all corro-
sion conditions.

Subsequently, the stress amplitude 
σa = 50 MPa was selected for investigating 
the comparative influence of the corrosion 
grades on the cyclic deformation behaviour 
and the lifetime in single step tests with 
load ratio R = -1 (Figure 5c). ΔT-N curves 
show a pronounced cyclic softening and 
hardening behaviour after an initial incuba-
tion period with ΔT nearby zero values. In 
comparison to the fatigue life at minimum 
corrosion level (1 h in pH7), the strongest 
corrosion level (24 h in pH7 + 0.1 mol l-1 
NaCl) shows an 86 % decrease resulting in 
a lifetime of Nf = 1.3 × 104 cycles, where a 
maximum ΔT increase of 0.8 K was ob-
served. Increasing corrosion level results 
in increasing deformation values and in 
decreasing fatigue life.

In Figure 5d the qualitative relation be-
tween the characteristic fatigue and corro-
sion values is presented and quantitatively 
described in terms of understanding the ba-
sic structure property relationship for corro-
sion influence on fatigue performance of 
DieMag422 (Mg-4Al-2Ba-2Ca). For this pur-
pose, the maximum change in temperature 
ΔTmax and the number of cycles to failure Nf 
determined in the single step tests (Fig-
ure 5c) are plotted as functions of the im-
mersion test parameters specific mass loss 
Δm and specific hydrogen formation Δhf, 

respectively. Both characteristic values, Δm 
and Δhf, represent the corrosion state. With 
increasing corrosion degree the maximum 
temperature change increases according to 
ΔTmax = 0.82 - 0.02Δhf-0.38 and the fatigue 
life decreases according to Nf = 1.65 Δhf-0.24.

Magnesium Stent Tubules of Mg-10Gd-1Nd 
in Simulated Body Fluid (SBF). Biodegrad-
able magnesium stents are increasingly 
used in medical applications because of 
dissolving in human body and not requir-
ing surgical removal. For material selec-
tion and design of stents, accurate knowl-
edge of their fatigue behaviour in corrosive 
media, as close as possible to human blood, 
is essential. In this context, magnesium 
stent tubules made of Mg-10Gd-1Nd were 
investigated for their cyclic behaviour in 
air and serum similar to body fluid. Single 
step tests were carried out on a micro mag-
netic fatigue testing system with a maxi-
mum force of 500 N. For fatigue tests in 
corrosive environment, a special miniature 
corrosion chamber was self-developed and 
integrated to the fatigue testing system 
(Figure 6a).

Figure 6b shows the Woehler curves rep-
resenting the results of single step fatigue 
tests at load ratio R = 0.1 and frequency 
f = 20 Hz conducted in air at ambient tem-
perature and in SBF environment at 37 °C 
body temperature. It is evident that in a 
corrosive atmosphere the stent tubules 
have a significant decrease in the sustain-
able maximum stress σmax and fatigue life 
Nf, respectively. In air the maximum stress 
σmax = 110 MPa (σa ≈ 50 MPa) can be con-
sidered as the fatigue limit at 107 cycles. 
Due to transition from type I to type II S-N 

Figure 6. Illustrations for the magnesium stent tubule Mg-10Gd-1Nd, a) Experimental setup for corrosion fatigue tests in micro magnetic fatigue testing  
system, b) Woehler curves for air at ambient temp. and simulated body fluid at 37 °C, c) fracture surface after fatigue loading in simulated body fluid (SBF) 
with σmax = 30 MPa 
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curve, fatigue limit could not be determined 
in SBF environment even at lowest stresses 
investigated below 10 MPa. The determined 
parameters enable to qualify the investi-
gated material in comparison to other bio-
materials. Besides, an economical determi-
nation of the expected fatigue life in air and 
corrosive environment can be made.

Figure 6c shows the fracture surface of a 
stent tubule after a fatigue test in SBF with 
maximum stress σmax = 30 MPa.

Selective Laser Melting of Titanium Al-
loy Ti-6Al-4V. Selective laser melting 
(SLM) is a novel additive manufacturing 
technique which uses laser energy for 
manufacturing in layer-wise pattern [17]. 
The SLM process offers a competitive ad-
vantage for manufacturing of complex and 
highly customized parts. The resulting 
quasi-static properties are comparable to 
those of conventionally manufactured com-
ponents. The application of SLM compo-

nents under cyclic loading has not yet been 
realized due to the lack of knowledge of 
their fatigue performance. However, the 
advantages of SLM manufacturing could be 
used for applications in aerospace and 
medical industry where titanium alloy 
Ti-6Al-4V is often used.

To investigate the fatigue performance of 
SLM manufactured Ti-6Al-4V specimens, 
single step tests were carried out for as-
built, polished, and shot-peened conditions 

Figure 7. Test results for titanium alloy Ti-6Al-4V, a) Woehler curves for as-built, polished, and shot-peened specimens manufactured by selective laser  
melting (SLM), b) crack initiation at inner pores 

Figure 8. Illustrations for the beech wood tests, a) microstructure in  
longitudinal (above) and cross-sectional direction (below), b) experimental 

setup with extensometer (right) and pyrometer (left), c) damage- und  
fracture-relevant stress amplitudes determined in stepwise load increase 

test as function of wood fiber direction and for glued joint, d) cyclic  
deformation curves in single step tests 
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at load ratio R = 0.1 and frequency f = 50 
Hz. In the Woehler curves (Figure 7a) the 
as-built specimens of SLM process result in 
a fatigue life σmax = 210 MPa, almost 50 % 
of the fatigue life as compared to the con-
ventionally manufactured alloy. This im-
paired performance is attributed to the 
high surface roughness (Ra ≈ 13 µm) result-
ing from the SLM process. After polishing to 
Ra ≈ 0.8 µm, the fatigue life increased to 
σmax = 500 MPa. However, a high scatter in 
the fatigue life was observed which was at-
tributed to multiple fatigue mechanisms re-
vealed in the fracture analysis. In the speci-
mens which failed after a small number of 
cycles, crack initiation occurred from inner 
pores which were found occasionally due to 
the fact that some powder material remained 
un-melted during the process (Figure 7b), 
whereas in the specimens which sustained 
the same stress until higher life cycles, a sur-
face crack initiation was observed. Shot peen-
ing resulted in a slight impairment in the fa-
tigue limit (σmax = 435 MPa). Shot-peening is 
found detrimental to fatigue performance 
which is due to crack initiation from internal 
pores. Crack initiation occurring from pores 
of 30-40 microns or larger propagated very 
fast resulting in early failure.

Fiber Direction and Adhesive Bonding of 
Beech Wood Material. The determination of 
the fatigue behaviour of wood-based materials 

is relatively complex due to anisotropic prop-
erties. Beech wood is characterized by differ-
ent fiber structures in longitudinal and cross-
sectional directions as shown in Figure 8a.

After exceeding a material-dependent 
limit, cyclic loadings cause damage accu-
mulating and leading to failure of the mate-
rial. Stepwise load increase tests were car-
ried out at load ratio R = -1 and frequency 
f = 5 Hz. The fatigue loading was started 
from a quasi-damage-free stress amplitude 
σa,start = 2.5 MPa and was stepwisely in-
creased by Δσa = 2.5 MPa each ΔN = 104 
load cycles until failure. The material re-
sponse was measured in terms of strain and 
temperature changes, yielding an indication 
of the initial damage and a prediction of the 
(remaining) lifetime. Since the fixation of 
thermocouples with adhesive tapes and ad-
hesives bonded to the sample surface affects 
the fatigue results distinctly, a highly accu-
rate pyrometer was used for these tempera-
ture measurements (Figure 8b).

The tests were conducted on flat sam-
ples at orientation of 0°, 10° and 90° to 
the fiber direction, and with Hysol 9492 
(integrated with glass balls ∅ = 0.4 mm) 
glued lap joints. Figure 8c presents the 
load levels initial damage for the fiber di-
rections and for the glued joint which was 
detected for and the load levels leading to 
failure in the load increase test. A signifi-

cant decrease in fatigue strength of 90° 
specimens to 10 % compared to fatigue 
strength of 0° and 10° specimens is visi-
ble. The cyclic strength of the glued joint is 
about 10 % less than those determined in 
0° fiber direction. These results were also 
verified in single step tests carried out at a 
stress amplitude σa = 45 MPa (Figure 8d).

The cyclic deformation behaviour, plotted 
in form of εa,p-N curves, is characterized by 
cyclic softening up to a saturation stage fol-
lowed by secondary cyclic softening until 
failure. An increase in the stress amplitude 
from 45.0 MPa to 47.5 MPa leads to a reduc-
tion in fatigue life of about 70 % to 80 % [18].

Wood Polymer Composites (WPC). Ow-
ing to their good specific strength, wood and 
wood composite materials are in high focus, 
whereby wood polymer composites (WPC) 
play an important role. They possess good 
weather resistance compared to wood and 
have good formability characteristics like 
plastics. The fatigue behaviour of two types 
of WPC, 25 % PE matrix (Type A in Figure 
9a, left) and 50 % PVC matrix (Type B in Fig-
ure 9a, right), have been investigated using 
load increase and single step tests. The re-
sults were compared to that of wood (beech, 
spruce) and vulcanized fiber [19], which 
serves as reference material in the range of 
technical plastics.

For the fatigue tests at load ratio R = -1 
and frequency f = 5 Hz the specimens were 
instrumented with a mechanical extensom-
eter for plastic strain measurements and 
thermocouples for change in temperature 
measurements (Figure 9b). The load in-
crease tests were started at σa,start = 2.5 MPa 
with a stepwisely increase of Δσa = 2.5 MPa 
each ΔN = 104 cycles. The single step tests 
were stopped at Nlimit,SST = 2 × 106 cycles.

In Figure 9c the endurance limit deter-
mined in single step tests (SST) σa,e (SST) as 
left columns and the failure stress ampli-
tude determined in stepwise load increase 
tests σa,f (LIT) as right columns are plotted 
for the investigated wood and wood com-
posite materials besides vulcanized fiber. 
Although the fatigue strength of vulcan-
ized fiber is comparable to that of beech 
wood, spruce wood as well as both WPC 
types show a fatigue strength of about 20 % 
to 40 % for Nlimit = 2 × 106 cycles.

Summary

Mechanical, thermal and electrical mea-
surement techniques are suitable for sys-
tematic microstructure-oriented fatigue 
assessment of metallic, polymer- and 
wood-based materials and joints under 

Figure 9. a) Microstructure of 25 % PE WPC (left) and 50 % PVC WPC (right), b) experimental setup with 
extensometer and thermocouples, c) endurance limits in single step tests and failure stress  
amplitudes in load increase tests for indicated materials

a)

b) c)
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multiple step and single step loading for 
the evaluation of the impact of joining 
technologies, environmental influences, 
and manufacturing processes. Plastic 
strain amplitude, deformation-induced 
change in specimen temperature and 
change in defect density leading to change 
in the resistivity measurements of the 
specimen can be effectively used. 

Metrologically equipped stepwise and 
continuous load increase tests provide ex-
tensive information about the cyclic prop-
erties of investigated materials and fasten-
ings using a small number of specimens in 
very short time. The rapid fatigue perfor-
mance identification method based on load 
increase procedure can be applied for veri-
fying the fatigue strength as a function of 
joining, environmental and manufacturing 
parameters in the context of in-process 
quality control. Due to time- and cost-effi-
cient application it is very attractive for 
enterprises with the objective of a suffi-
cient understanding of basic process struc-
ture property relationships, leading to a 
property-oriented production of tailored 
components with high fatigue resistance.

In addition to the applied mechanical, 
thermal and DC-based electrical measure-
ment techniques, further magnetic and 
acoustic sensors are used in further re-
search projects in the context of condition 
or structural health monitoring. Therefore, 
resistivity measurements based on AC cur-
rent, Barkhausen noise and high frequency 
impulse (mechanical vibration) measure-
ments are applied for structural integrity 
purposes, i. e., to improve the operational 
reliability of wind energy plants.
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