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Abstract. The paper presents the results of the research for the static and fatigue strength of specimens made of 

aluminum-based high-strength alloys В95 and 1163. Specimens of different thickness sized 220 mm х 36 mm 

with a hole in the middle with a diameter of 6 mm have been loaded by using INSTRON 8801 and 8802 testing 

machines. The total sample volume worked out 400 specimens. The fatigue tests were carried out at cyclic 

regular loading with a frequency of 5 Hz. For the estimation of the effect of single-shot tensile and compressive 

static peak loads have been applied in blocks. S-N fatigue curves for various configurations of loading blocks 

have been plotted based on the results of the fatigue tests, the influence of various loading blocks on fatigue life 

have been compared for samples of two aluminum alloys. 
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Introduction 

The evaluation of the fatigue strength of materials by conducting static and fatigue tests of 

specimens is one of the most important stages during the operational refinement of materials and 

designs  

The need to solve this problem arouses during the development of engineering structures. At that 

point the life time has been defined as a Service Life Limit (SLL). But different load conditions [1], 

complication of Designs, increasing its size and variety of impacts on them (the environment and 

loads) leads to the difficulties of experimental verification of its reliability and durability. By this the 

duration of testing of full-sized structures lead to the expansion of comparative studies of various 

materials, sizes and loading conditions of Designs. So again, it was necessary to conduct comparative 

experiments and fatigue tests of structurally similar samples, structural significant items (SSI) and 

materials under different loading conditions [2; 3]. 

Refusal of the principle of fixed durability (SSL) leads to develop the non-destruction treatment 

systems, which provides the principle of design operation according to the technical condition, such as 

Structural Health Monitoring (SHM), Health Usage Monitoring (HUMS) and Fail Safe Design 

Concept (FSDC) . But such a development of systems is impossible without further experimental 

study and comparison of the summation of fatigue damages under various loading conditions [4]. 

In the present work, comparative tests of aluminum alloys B95(Fe-Si-Mn-Ni-Cr-Ti-AI-Cu-Mg-

Zn) and 1163(AI-Cu-Mg-Mn-Ti-Fe-Si-Zn-Ni) specimens were carried out. As a result of static tests 

and fatigue tests, including block loading tests, fatigue resistance characteristics were obtained. It was 

investigated the fatigue life under the effect of tension and/or compression peak loads in various 

blocks loading.  

The main goal of this research is to compare the influence of various single peak loads during 

block tests to the fatigue endurance of specimens. This peak loads simulate the shock impact or 

overloading of the design during a service life. So, the attempt has been made to quantify the risk of 

significant influence on the working ability under different load conditions. 

The maximal value of single peak load composed the 80 % of the ultimate tensile strength. For 

that the static test were performed for each of alloy sample. 

This study did not take into account the difference in stress concentration [5], the stress gradient 

across the thickness [6], and other factors depending on the difference in the specimens thickness and 

affecting the magnitude of the fatigue characteristics. 

Materials and methods 

For the study, specimens were made of aluminum alloys В95 – the most durable and hard alloy, 

resistant to corrosion and alloy 1163 - medium-strength high-life alloy used for elements operating 

under condition, critical to fatigue tensile loads. Specimens have dimensions of 220 mm x 36 mm and 
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a thickness of 5 mm for B95 and 1.5 mm for 1163. A hole with a diameter of 6 mm was drilled 

symmetrically in each specimen. 200 specimens of each alloy were manufactured and tested. The 

shape of the specimen (“strip with a hole”) is shown on Fig. 1,a for 1163 alloy and Fig.1,b for В95 

alloy . The Instron test machines have been using (Fig. 1, c). For loading under compressive load, to 

eliminate the possible loss of stability, specially made plates were used (Fig. 1, c). The loading error is 

not more than 1.5 % of the load. 

Initially, in order to estimate the limits of applied cyclic loads, two samples of specimens were 

tested on static load strength. To estimate the static ultimate tensile strength (breaking load), five B95-

alloy specimens and five 1163-alloy specimens were loaded to fracture. The results of these testing are 

presented in the Table 1. These results have been used for the determination of main loads for regular 

cyclic loads and the single peak (both tension and compression) loads. Fatigue tests were conducted on 

195 specimens of each material with the seven different loading plans (Table 2). At each position of 

the experiment’s loading plan, samples of 15 specimens of each alloy were tested by five specimens at 

each of the three specified loading levels (Pmax = 0.5; 0.4 and 0.3 from Pmax) where Pmax was 

determined from static tests as ultimate tension strength to failure. Cyclic loading frequency have been 

take on 5 Hz. 

a) 

 

b) 

 

c) 

 

Fig.1 General view of specimens and test equipment: a – test specimens 1163;  

b – test specimens В95; c – specimen in testing machine jaws 

Table 1 

Statistical characteristics of specimens’ static ultimate tension strength  

Alloy В95 1163 

Average of failure load Pul, P 74985.6 16898.2 

Root mean square deviation (standard deviation), S, P 441.93 190.05 

Coefficient of variation V, % 0.5893 1.1247 

Ultimate stress limit, Mpa 513.48 416.00 

Ultimate Stress Standard deviation, Mpa 2.26188 3.2698 

The coefficient of variation of ultimate stress limit, % 0.4404 0.7860 

The average (mean), root-mean-square deviation (standard deviation) and coefficient of variation 

are determinate and calculated as it is shown in [7].  

As it can see, the obtained values of ultimate static strength of samples are in the ranges defined 

by regulatory documentation. These values are accepted as the basis for the definition of the range of 

strain for the cyclic loading. 

It should be noted, that usually fatigue data treatment are carried out with the logarithm of shown 

values. The accepted value are presented in Table 2 

Table 2 

The accepted maximum loads (stress) of the pulsating regular cyclic loading 

Logarithm of maximum cyclic tension stress (range) Alloy 
Ultimate tension stress. 

Average value, MPa lg 0.5Ϭmax lg 0.4Ϭmax lg 0.3Ϭmax 

В95 513.5 2.4095 2.3125 2.1876 

1163 416.0 2.3180 2.2211 2.0962 
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Results and discussion 

The fatigue tests were arranged in according to the seven cyclic loading plans (Table 3). For the 

pulsating regular loading the follow timing scheme were taken in to plot the S-N curve the range of 

Logarithm of loading stresses are decided on 0.5Ϭmax (5 specimens), 0.4Ϭmax (5 specimens) and 

0.3Ϭmax (5 specimens) for each alloy sample. 

Also, the same values were accepted for other positions, so every Item numbered in Table 3 

includes 15 specimens. 

Table 3 

Experiment loading plan  

Item number of 

the cyclic 

loading plan 

Loading Cyclograms Note 

It.1 

 

Cyclic regular tensile loads timing for. S-N 

Curve plotting. 

The stress ranges are 0.5; 0.4 and 0.3 of the 

ultimate cyclic static load Ϭmax 

It.2 

 

Single tensile 0.8Ϭmax load-peak ahead the 

regular cyclic loading 

It.3 

 

Single tensile 0.8Ϭmax load-peak ahead the 

every 1000 regular loading cycles 

It.4 

 

Single compression 0.8Ϭmax load-peak 

ahead the regular cyclic loading 

It.5 

 

Single compression 0.8Ϭmax load-peak 

ahead every 1000 regular loading cycles 

It.6 

 

Single symmetric ±0.8Ϭmax load- peak 

ahead the regular cyclic loading 

It.7 

 

Single symmetric ±0.8Ϭmax load-peak ahead 

the every 1000 regular loading cycles 

Tests for Item 1 of the load cyclogram (Table 3) were carried out at three load levels: 0.5Ϭnax; 

0.4Ϭmax and 0.3Ϭmax where Ϭmax ultimate tension static load (see Table 2). 

The obtained fatigue durability values for the three loading levels are summarized in Table 4. We 

plotted the fatigue curve in logarithmic double coordinates: lgϬ – lgN [4], where Ϭ – the current 

stress, N – the fatigue endurance (cycles to failure) under Ϭ load. 

Table 4 presents the main statistical characteristics of fatigue life under regular loading at three 

levels of specified stresses: logarithm of loading cycles to failure lgN, standard deviation of the 

logarithm SlgN cycles to failure and coefficient of variation of fatigue life VlgN, % The sample size for 

each position is five specimens. 

Table 4 shows the main statistical fatigue characteristics versus of the fatigue life lgN. 

 



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 20.-22.05.2020. 

 

490 

Table 4 

Parameters of the statistical characteristics of fatigue life lgN (Item 1 of loading, Table 3)  

Fatigue characteristics 
Alloy 

Logarithm S of 

applied load, Mpa lgN SlgN 
VlgN % 

0.5Ϭmax 2.40 4.1351 0.0541 1.30 

0.4Ϭmax 2.31 4.4427 0.0656 1.47 В95 

0.3Ϭmax 2.18 4.9608 0.0618 1.24 

0.5Ϭmax 2.31 4.4887 0.0365 0.81 

0.4Ϭmax 2.22 4.7801 0.0330 0.68 1163 

0.3Ϭmax 2.09 5.1681 0.0305 0.59 

We can see, that the alloy 1163 has better fatigue strength than that one of alloy B95. That do not 

rejected the data of certificate documentary of alloys. But the alloy B95 characteristics of scattering, 

such as the standard deviation of the lgN and the coefficient of variation of the lgN way more than 

ones of alloy 1163. That may be explained as alloy B95 is developed for static loading better, than 

fatigue one (see Table 1 and [6]).  

So we’ll compare this two different alloys to it sensitivity to single-shot loads. Now let’s consider 

the loading with Single tensile 0.8Ϭmax shock (peak) load ahead the regular cyclic loading – Item 2 of 

Table 3. The main fatigue test results are presented in Table 5 

Table 5 

The parameters of the S-N fatigue curve after the single peak cycle load Ssh = 0.8Ϭmax  

ahead the regular cycles (Item 2, Table3) 

Fatigue characteristics 

Alloy 

Logarithm of range 

of pulsing cycle, 

after single shock-

peak load 0.8Ϭmax 

lgN SlgN 
VlgN % 

0.5Ϭmax 2.4094 4.5470 0.0434 0.97 

0.4Ϭmax 2.3125 4.9151 0.0359 0.73 В95 

0.3Ϭmax 2.1876 5.4466 0.0313 0.57 

0.5Ϭmax 2.3180 4.7947 0.0353 0.73 

0.4Ϭmax 2.2211 5.3463 0.1223 0.28 1163 

0.3Ϭmax 2.0962 No less 6.1461
 

no 0.3Рmax 

Initial single tension overload of specimen has “training” it, thereby increasing it fatigue life. This 

is especially noticeable for alloy 1163, that was designed to work under cyclic tension loads, as against 

alloy B95, that was designed to work in compression conditions. Let’s consider the similar situation, 

but the same single shock (peak) loads are applied ahead EACH 1000 regular cycles.  Table 6 presents 

the main statistical characteristics of the fatigue life at the single peak cycle ahead each 1000 regular 

cycles, (Item 3, Table 3). 

Table 6 

The parameters of the fatigue S-N curve after a single tension peak cycle  

ahead each 1000 regular cycles 

Fatigue characteristics 

Alloy 

Logarithm of range 

of pulsing cycle, after 

single shock-peak 

load 0.8Ϭmax 

lgN SlgN 
VlgN % 

0.5Ϭmax 2.41 4.6569 0.0471 1.01 

0.4Ϭmax 2.31 5.3906 0.0480 0.89 
В95 

lg0.8Ϭmax  =  2.61363 
0.3Ϭmax 2.19 6.2920 0.1570 2.50 

0.5Ϭmax 2.32 4.9139 0.0463 0.94 

0.4Ϭmax 2.22 5.5417 0.1631 2.94 
1163 

lg0.8Ϭmax  =  2.52219 
0.3Ϭmax 2.10 6.0051 0.0253 0.42 
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Again, it is possible to assume the effect of «training» specimens after each peak load. since block 

of 1000 regular cycles with preliminary peak load a head them results it to increase the fatigue life. 

Similarly we may check the impact of compressive peak cycles on the fatigue life according to the 

similar scheme (Item.4 Table 3). 

Table 7 

The parameters of the fatigue S-N curve after the initial single compression peak cycle  

ahead the regular cycles (Item 4. Table 3) 

Fatigue characteristics 

Alloy 

Logarithm of range 

pulsing cycle after 

single shock-peak 

load 0.8Ϭmax 

lgN SlgN 
VlgN % 

0.5Ϭmax 2.41 4.2057 0.0244 0.58 

0.4Ϭmax 2.31 4.3505 0.0694 1.60 
В95 

lg0.8Ϭmax  =  2.61363 
0.3Ϭmax 2.19 4.7485 0.0530 1.12 

0.5Ϭmax 2.32 4.7021 0.0220 0.47 

0.4Ϭmax 2.22 5.0956 0.2870 5.63 
1163 

lg0.8Ϭmax  =  2.52219 
0.3Ϭmax 2.10 5.3631 0.0509 0.95 

Examine the data it can be observed that the fatigue life of alloy 1163 after single compression 

peak load was reduced compared with regular cycle loading whereas in contrast the fatigue life of 

alloy B95. which was specially designed to work in compression conditions. 

It will be interest to investigate the influence of the compression peak load ahead the EACH 1000 

regular cycles. The obtained experimental data (see Table 8) show the following results.  

Table 8 

The parameters of the fatigue S-N curve after a single compression peak cycle  

ahead each 1000 regular cycles (Item 5. Table 3) 

Fatigue characteristics 

Alloy 

Logarithm of range 

pulsing cycle after 

single shock-peak 

load 0.8Ϭmax 

lgN SlgN 
VlgN % 

0.5Ϭmax 2.41 4.0036 0.0903 2.26 

0.4Ϭmax 2.31 4.1951 0.0369 0.88 
В95 

lg0.8Ϭmax  =  2.61363 
0.3Ϭmax 2.19 4.5806 0.0318 0.69 

0.5Ϭmax 2.32 4.1280 0.1914 4.64 

0.4Ϭmax 2.22 4.6679 0.0990 2.12 
1163 

lg0.8Ϭmax  =  2.52219 
0.3Ϭmax 2.10 4.8849 0.2410 4.93 

This time out fatigue life for every sample of specimens are reduced compare to regular cyclic 

loading. So it is possible to accept that the repeated compressive shock (single peak) loads are most 

dangerous that the tension ones. Opposite. the rare tension peak loads are “fatigue training ones” for 

specimens that leads to bring up of its fatigue life’s. It is worthy to note that compression shock loads 

are applied to designs and its component as impulse loads during operational work more often then 

tension [7]. 

Now it is interested to investigate the special case of applying the symmetrical single shock load – 

tension/compressive as ±0.8Ϭmax As before let’s consider the case to impose the single symmetrical 

peak load before the regular cycle loading. The following data have been received (see Table 9). 

 As might be expected from the two opposite (single tension-compression) pulsating cycle 

loading compensate its effect to fatigue life of regular cycle loaded specimens. But it is known that the 

symmetrical cycle are the most deteriorate effect to specimens tested in fatigue but this applies to the 

case of total regular symmetrical cyclic loading, i.e. every cycle is symmetrical [10]. 

The closest approach to it is the loading of Item 7 (Table 3) then such single symmetrical cycle is 

applied to ahead the every 1000 regular cycles. Let study the obtained data in Table 10 
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Table 9 

The Parameters of the fatigue S-N curve when a single symmetric peak cycle is applied  

ahead the regular loading (Item 6. Table 3) 

Fatigue characteristics 
Alloy 

Logarithm of symmetric 

cycle amplitude lgN SlgN 
VlgN % 

0.5Ϭmax 2.41 4.0911 0.0721 1.76 

0.4Ϭmax 2.31 4.3378 0.0645 1.49 
В95 

±lg0.8Ϭmax = ±2.61363 
0.3Ϭmax 2.19 4.7232 0.0787 1.67 

0.5Ϭmax 2.32 4.6688 0.2390 5.12 

0.4Ϭmax 2.22 4.8386 0.1360 2.81 
1163 

±lg0.8Ϭmax = ± 2.52219 
0.3Ϭmax 2.10 5.2004 0.2380 4.58 

Table 10 

The Parameters of the fatigue S-N curve when a single symmetric peak cycle is applied  

each 1000 regular cycles (Item 7. Table 3) 

Fatigue characteristics 
Alloy 

Logarithm of symmetric 

cycle amplitude lgN SlgN 
VlgN % 

0.5Ϭmax 2.40 3.9816 0.0250 0.62 

0.4Ϭmax 2.31 4.0669 0.0741 1.82 
В95 

±lg0.8Ϭmax = ±2.61363 
0.3Ϭmax 2.18 4.4073 0.0305 0.69 

0.5Ϭmax 2.31 4.3887 0.2986 6.80 

0.4Ϭmax 2.22 4.6939 0.1775 3.78 
1163 

±lg0.8Ϭmax = ± 2.52219 
0.3Ϭmax 2.09 4.9564 0.2770 5.58 

As it may supposed the cases of shock (peak) symmetric loads greatly reduce fatigue life [11]. So 

we can draw a conclusion that as single compression and symmetrical loads applied ahead the regular 

cyclic loads have the most damaging effect to fatigue live of specimens. It is worth pointing out that 

the compression single peak loads simulate the impact (impulse) influence to the design and its 

structure elements in working (operational) condition [12]. 

Conclusions 

The wide experiment was conducted to investigate the effect of single shock (peak) loads ahead 

the regular cyclic loading and ahead the each block of 1000 regular cycles to fatigue life of different 

alloy (B95 and 1163) specimens. The alloy B95 has been designed to offset the compression loads 

whereas in contrast the alloy 1163 was designed to work in tension condition. The 200 specimens of 

every alloy have been tested under 7 profile of loading.  

It has been shown that the most damaging influence to test specimens are single compression and 

symmetrical peak loads ahead regular and ahead the every block of the 1000 regular cycles. At the 

same time the tension single peak load especial the initial single shot load “train” the material of 

specimens alloy to increase its fatigue endurance. This effect is more typical to specimens of alloy 

1163. In opposite this alloy is very sensitive to compression single overload that led to reduce the 

fatigue life. It is worth pointing out that the compression single peak loads simulate the impact 

(impulse) influence to the design and its structure elements in working (operational) condition. 

The case of single symmetrical peak load ahead the regular cycle loading as well as ahead the 

block of 1000 regular cycles is dangerous for both alloys. It is the more harmful condition to fatigue 

strength. but in fairness it must be said that this case of loading is not specific for working condition. 

The most often occurs the impact (tension or compression shock) under different circumstances. It is 

need to underwrite that in this research the peak load be equal to 80 % as of ultimate static load 

strength. 

Result of this research is the conclusion of the need to compose the design with structural 

significant elements that do not run in contact with shock peak loads or if is to happen anyway to 

realize the principle of fail-safe concept or structural health monitoring.  
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