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I. PRESENTATION 

1.1. The University of Eindhoven 

Eindhoven is a city with over 194.000 inhabitants, that is situated in the 

South of the Netherlands, and is the fifth largest city of the country. This 

modern town is one of the most important centers of technology in the 

Netherlands. It is the ·Capital" of Philips and OAF Trucks, besides being 

the home of many other industries. 

The University of Technology of Eindhoven (THE, Technische Hogeschool te 

Eindhoven) was opened in 1957 and provides engineering courses. It receives 

more than 5.000 students and employs about 2.000 persons among which about 

120 full professors. 

In a period of about 5 years, after high school, the students can qualify as 

graduate engineers specialising in the 9 following subjects: 

- Technology in its social applications 

Industrial Engineering and Management Sciences 

- Mathematics 

- Computing Science 

- Technical Physics 

- Mechanical kngineering 

- Electrical Engineering 
I 

- Chemical Engineering 

Architecture, structural engineering and urban planning. 

A full University course in the Netherlands used to take at least 5 years 

with no upper limit, but a new Act is going to take place to reduce the 

curriculum to 4 years and allow 2 extra years. The usual degree obtainable 

at THE is the engineer degree, equivalent to the American Master's degree. 

The degree of doctor is the highest degree obtainable at a Dutch University 

and can be obtained at THE. 

The University has a large library that is organised in a central library 

and 9 departmental ones. A large language laboratory provides the 

possibility to learn and practice about 30 different languages, to anyone 

from the University who wants to learn by one's own. 

The computing centre is available for the whole university and higher 

professional education in the South Netherlands region. 
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An "Institute for Perception Research" (IPO foundation) constitutes a formal 

cooperation between Philips Research Laboratories and the THE. It is located 

within the University and welcomes guest researchers. 

The university is also the place of many cultural events, like exhibitions, 

movies or concerts. 

The THE contributes to make Eindhoven an important educational and 

technological centre. 

1.2. The Mechanical Engineering Department and the Laboratory for Structural 

Fatigue 

The mechanical engineering curriculum includes, among other things, 

participation in the work done by the department in its 4 divisions: 

1. fundamentals of mechanical engineering, 

2. product design and development, 

3. apparatus design for industrial processing, 

4. production engineering and automation. 

The department employs about 200 persons among which 17 full professors and 

about 70 scientific staff. It includes several laboratories: 

Material science - Plastic deformation - Transports - Engines - Hydraulics 

Thermodynamics - Industrial automation - Measurements - Computers Fa.ti9'ue 

- Agriculture equipment - Mechanisms - Machining - Welding - and others. 

These laboratories are used for practical studies and most of them also work 

for the industrial or scientific research. 

The Laboratory for Structural Fatigue, belonging to the second division, 

has 2 tasks: it serves as a students practical work laboratory and works 

together with the industry for contract research, It is busy now for 

different projects: A project about high strength low alloy steel joints, 

financially supported by the European Community, together with Hoogovens 

steel factory, Nedschroef BV (connection elements factory), DAF, Smitweld, 

Philips Lastechniek (Welding division), Sikkens (primer factory); an 

offshore European project with TNO institute research and THD (University of 

Technology of Delft), a project about hard steel surfaces with DAF and THD 

and a project about welded joints with THD, the Dutch railways (NS) and the 

chemical industry DSM. So, the laboratory is very close to the industry, 
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Material fatigue is failure due to repeated loading. The ASTM [8] gives the 

following definition of fatigue: 

The process of progressive localised permanent structural change occuring in 

a material subjected to conditions which produce fluctuating stresses and 

strains at some point or points and which may culminate in cracks or 

complete fracture after a sufficient number of fluctuations. 

Between 50 and 90 percent of all mechanical failures d.re fatigue failures 

[6]. Most of them are unexpected and brutal fractures I because the fatigue 

process is progressive and hidden and the fatigue failures can happen at a 

much lower nominal stress than the yield stress of the material. 

The fatigue test specimens are cyclically loaded in dynamic loading 

machines. Many tests are done with constant load amplitude but random 

amplitude gives a better idea of what happens in reality. 

The laboratory owns many dynamic loading machines and it is one of the few 

in the Netherlands that is able to make random amplitude fatigue tests. It 

only tests metal specimens, plastic materials are studied in the Chemical 

department. 

1.3. Presentation of the training period 

1.3.1. Surroundings 

I have had to accomplish my 6 months technical training period in the 

laboratory for structural fatigue. 

The laboratory is directed by a professor engineer specialised in fatigue. 

Because of employment limitations, only two technical assistants work 

permanently and therefore, are responsible for the laboratory. But the 

laboratory often employs people for a limited time. It can employ students 

for a practical period of some months, a recently graduate engineer 

intending to become a doctor and who may not stay more than 4 years, or any 

other one they need who may be payed by a research contract. 50, the working 

people in the laboratory can change several times a year. 

When I arrived in the laboratory at the beginning of September there was a 

",scientific assistant" who was a recently graduate student and who left at 

the end of October. There was also a student from a school for higher 

engineering accomplishing a working period for his studies, who left at the 

end of November and was immediately replaced by an other student from the 
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same school. The working group was rather small but I had to work together 

with each one of them according to the purposes of my work. 

All of them were very helpful to me and, perhaps because the laboratory is 

in a University surrounding, the responsible people gave as much time as 

necessary to explain and answer my questions. Most of the time, it was a 

group work and it proceeded in a pleasant way and good relationship. 

For different purposes, I also had contacts with people from other 

laboratories, like the material science, welding or measurements 

laboratories who were always about to help me. 

I.3.2. Subjects and schedule 

My working subjects and schedule had been drawn up as follows: 

1rst subject: 

A student-exercise (3e year) is being prepared on crackgrowth under constant 

amplitude and narrow-band random Amplitude loading. The specimen is of a 

new, more economic design, and the Stress Intensity Factor is, at this time, 

known only approximately. Tests are to be done about the experimental 

behaviour of this specimen and its value has to be evaluated. 

2nd subject: 

From a previous investigation, welded specimens are left over. On a number 

of these specimens a TIG-dressing procedure will be carried out, in order to 

improve the fatigue strength. This improvement has to be established by 

constant amplitude fatigue tests. 

I never had followed yet any fatigue course in my previous studies and I 

didn't know anything about it. That is why, as a first part of my schedule r 
had to read and learn about fatigue. This was also meant to get me used to 

the scientific english, what was absolutely necessary for a good proceeding 

of my whole work. Then, during the period, I often had to refer to english 

litterature. 

Each of both subjects was to take about half of the available time. So, I 

was to work on the first subject from the beginning until the end of 

November and start the second subject in December. 

For the first subject, I had to collect information about fatigue crack

growth, to prepare the specimens, do the measurements, the calculations, and 
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then analyse the results. For the second subject, we had to proceed step by 

step, waiting for. results to decide what to do then. 

Because of the slowness of this type of measurements (for the second 

subject, we sometimes had to wait several days before get~ing one datum) it 

was not possible to do the different tasks ones after others, and therefore 

to establish a strict schedule. 

My actual work schedule was a bit different from the planned one. After an 

introduction period of 2 weeks, during which I visited the laboratory, 

participated in some rotating bending fatigue tests, read books about 

fatigue, and received the necessary informations to work on the first 

subject, the crack growth measurements were taken during 6 weeks. In the 

same time, I went on studying fatigue and started to analyse the first 

results. When the measurements for the first subjects were finished, I 

worked out the results and had to write a report for the laboratory about 

the work that had been done and the results of it, during 6 weeks (See 

Appendix A). In the same time, I worked on another subject that was not 

planned at first. The laboratory wanted to do it, and then used the machine 

that was needed for my 2nd subject. So I had to wait until this was finished 

before starting my 2nd subject, and I took part in this work. This non

planned subject was endurance tests on plain steel specimens. So/ I started 

the second subject a bit later than what was planned, in the mi~dle of 

December, and I worked on it until the end of the training period, i.e. the 

22nd of February. 

SEPT OCT NOV DEC JAN FEV 

MEASUREMENTS 

intro lrst subject 
'IE .,. E unscheduled subject 2nd subject 

< 

general study 

about fatigue 

~< )E 

ANALYSE 

I rst subj ect 
>< :)JI 

;nd subject:> 
report 

Followed schedule 
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II. FIRST SUBJECT = FATIGUE CRACK-GROWTH 

II.1. Introduction 

The fatigue process involves 3 stages: 

- Initiation of a macroscopic crack 

- Propagation of the crack to a critical size 

- Final fracture. 

Fatigue cracks usually initiates at the surface where stresses are highest 

and when corrosive environment and changes in geometry exist. The major 

portion of fatigue life consists of th~ first two phases. The fatigue crack 

size can be very small or very large, occupying from less than percent of 

the fracture surface up to almost 100 percent. In a structure, a long 

critical crack size is more desirable than a short one, in order to allow an 

easy detection of the crack before the fracture. This depends on the fatigue 

crack-growth behaviour. It is usually represented, for constant amplitude 

loading j .j,S a log log plot of fatigue crack growth rate, ~: in mm/cycle, 

versus the opening mode stress intensity factor range ilK! in MPafm, where 

IlKr is defined as: 

IlKr = Kmax - Kmin 
= as fITa - as. fITa max mln 
= allSfTra (2.1) 

da Fig. 10 shows schematically a typical complete log-log plot of dN versus 

IlKI' The central region of this curve (region II) shows essentially a linear 
da relationship between log dN and log IlKI which corresponds to the formula: 

(2.2) 

which is the Paris law; here, m is the slope of the curve. 

The Stress Intensity Factor is the principal controlling factor in fatigue 

crack-growth, It depends on the load, the body configuration, the crack 

shape and its displacement mode, and the material, 

In order to study crack growth behaviour, some form of notch in introduced 

into the specimen, so that the crack initiates quickly. 
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Various specimen configurations exist. But none of these specimens were 

fully satisfying for the students exercises. Thus, the laboratory designed a 

new specimen for this purpose. The specimen configuration was new and its 

fatigue crack-growth behaviour was unknown. Tests were necessary to 

determine if it was suitable for students exercises, and to determine the 

range of the aK versus ~~ curve. 

This work was to be done in 2 parts: 

A finite elements method analysis would give the a parameter of eq. 2.1. 

This parameter depends on the crack length to specimen width ratio. Thus, 

a = f(kl) and 
w 

. (2.3' 

Tests would be carried out, using the finite elements method results, to 

determine the aK versus ~ curve and the m parameter of eq. 2.2. 

This second part of the investigation was the work I had to do. The 

scientific assistant was already busy on the first part of the work. At the 

end of my work, I was to write a technical report for the laboratory, and it 

is given in Appendix A. Since it gives the technical and theoretical details 

about the investigation and the discussion of the results, they will not be 

repeated in the following paragraphs. 

II.2. Work procedure 

11.2.1. Measurement methods 

The specimen was a rectangular aluminium plate (see Appendix B, Material 

properties), notched in the middle (see fig. 1). Under loading, the crack 

grew on both sides of the notch. 

At first, 2 measurement methods were to be employed. The first was to 

measure directly the "speed" of the crack growth, by watching the crack tip 

position with a microscope. 

The second method was to be tried, but we didn't hope very good results with 

it. This method used the energy equation: 

::: ~ ac 
G 2 oa (2.4) 
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where G is the energy release rate and C is the compliance. C is related to 

the variation of the crack opening displacement aVas: 

C ::: av (2.5) 
p 

where P is a constant value of the load amplitude. The stress intensity 

factor is related to G as follows: 

K 2 ::: EG 
I 

So, eq. 2.4 can be written: 

(2.6) 

(2.7) 

So this second method was to measure av as a function of the crack length, 

and calculate the derivative of the curve that is directly related to RI . 

Ii.2.2. WQrk group and Ploceedinq 

The crack had to be watched on both faces of the specimen, with 2 

microscopes. As the measurements had to be taken simultaneously I I took them 

toqether with the student from a technical school. Each one of us watched 

one face and measured the position of the two crack tips. The number of 

cycles corresponding to the measurement was qiven by the counter on the 

machine. The technical assistant made the machine work at the first times, 

and then let us use it ourselves I keeping an eye on us. 

After starting to load the specimen, we had to wait several hours before 

taking the first measurement, because the crack initiation took a long timme 

and we waited until the crack was 2 cm long before starting measuring. 

Then, we measured about everyone mm, what took from half an hour between 

two measurements at the beginning until some minutes at the end. So, one 

specimen took several days because of the low speed of crack propaqation. 

These were the first method measurements. 

Every 4 mm, we took the 2nd method measurements: We stopped the dynamic load 

and applied a static load equal to the maximum of the cyclic load, and 

measured the crack opening with a clip gage. 

6 specimens were tested. The first one was left away, because there was 

something wrong in the cycles counter. The 5th one gave us a surprise: the 

crack initiated at an unexpected area, near the clamping, instead of 
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initiating at the notch tip. The reason for this was that the specimen 

number had been punched nearby the clamping and this defect had caused the 

crack initiation. 

In the same period, I made the calculations and the first curves (See tables 

1 to 14 and fig. 3 to 5.'. The scientifical assistant who worked on the 

finite elements method helped me and explained me a lot about fatigue at 

that time. 

All the curves were evaluated with a linear regression program who gave the 

coefficients of the following type equation: 

Log x - a Log y = C. 

The second method measurements were done for 3 specimens (see table 19 to 

21) and the 6V versus a curves were plotted (see fig. 14). But, since 6Kr 
increases with a, the derivative ~~ should also increase (according to eq. 

2.7). The obtained curves looked like straight lines, when their derivative 

should increase. 50/ the method was obviously inaccurate and was stopped. 

The data were not used. 

II.3. Results 

Finally, 3 specimens gave workable results. The 6th specimen that had been 

tested at a different load than all the others showed a too important 

scatter in its results to be used. 

The finite elements analysis had given a f(a) curve (see fig. 9)/ analogous 

to the fC a) function in eq. 2.3. It corresponds to the specimens whose width w 
is half the length. With this curve, I calculated 6K in plane strain 

conditions and then I drew the ~~ versus 6K curves (see tables 15 to 18 and 

22 and fig. 11 to 13)/ and they were rather close to each-others. 6 values 

of the exponential parameter m in the Paris equation (eq. 2.2) were found 

(see tables 5 in Appendix A and 22). Their values were between 5 and 6 and 

give a general idea of the crack growth behaviour of the specimen. In order 

to give an idea of a lower part of the 9S
d

d versus 6K curve, the last specimen 
n da 

(P 635) had been tested at a lower load. The results of the calculations dn 
. . 6 da d . d versus a were not satlsfYln9 (see tables 15 and 1 )/ so dn was etermlne 

graphically from the a versus N curve (see figure 7) and these data were 

used for the ~~ versus 6K calculations (see tables 17 and 18). But the ~: 
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versus 4K curve still didn't give workable results (fig. 13) and m could not 

be calculated for this specimen. 

The values of m are rather high when compared with the values found in the 

litterature. This may be due to the fact that the crack ljrew in the rolling 

direction. When a crack grows square to the rolling direction, it has to go 

through the grains and then can keep a straight direction. In our case, it 

can go between the grains and then has to follow their configuration that 

may be irregular. This can also explain the scatter of the crack growth rate 

measurements, when the crack tip goes through a void. The following figures 

show what can happen in the 2 cases. 

crack growing sq~are to 

the rolling direction 

rolling direction 

An other thing is to be considered: 

crack growing Ln t~e 

rolling direction 

At the time of the measurements, we used clevis joints, that COUldn't be 

used in compression. In fact, the tests were to be done with friction grips, 

that tighten the clamped part of the specimen. and makes this area behave as 

a solid part that moves with the vibration without deform. The finite 

element investigation was done with this consideration, when my measurements 

were done in slightly different conditions. 

The finite elements analysis considered the friction grips case, and the 

mesh was drawn for a non deformed clamped part. 

The crack growth rate and range obtained were suitable to use the specimen 

for students exercises, and it will be actually used at the third trimester 

of this study year. 
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III. S-N CURVES OF PLAIN STEEL SPECIMENS 

I1I.1. Introduction 

A method used to determinate the fatigue strength of specimens is to plot a 

S-N (Stress-Number of cycles) curve. This curve gives the stress amplitude 

applied to a specimen versu~ the number of cycles at which it failed. The 

plot is done on a logarithmic scale and gives a curve similar to the 

following ones)where each point corresponds to one specimen: 

10' 
N N 

At the lower part of the curve, the slope becomes very shallow as the 

endurance is very long. This part of the curve leads to a fatigue limit, 

below which a specimen would not break. 

The laboratory needed these data for a steel from the Hoogovens factory. 

They wanted to plot a S-N curve and determinate the fatigue limit for 2 

series of plain specimens: one serie in the rolling direction, and one 

square to the rolling direction. The fatigue limit would be determined with 

the staircase method (see [9] and tables 25-26). Since these tests were done 

on the machine I needed for the second subject, I took part in those 

measurements. 
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III.2. Working procedure 

1II.2.1. Experimental considerations 

The material was Fe 510, of plate thickness 6 mm. 

The factory gave: 

N/mm 2 

Test direction Re Rm 

parallel to the 

ro11ina direction 420 570 

Square to the 

rolling direction 444 583 

But a tensile test was done at the University on one of the HL specimens and 

showed: 

a = 400 N/mm2 
y 

a = 605 N/mm2. 
u 2 

The name Fe 510 means that the ultimate stress is more than 510 N/mm . The ., 
specimens (see fig. 15) had a rectangular :3ection of 120 mm"". Its stress 

concentration factor was about Kt = 1,07 [10]. 20 of them were in the 

rolling direction (serie HL) and 20 others were square to the rolling 

direction (serie HD). 

They were loaded dynamically in constant amplitude. with R = -1 
P . 

R = -illln in a SCHENCK Subresonance machine, capacity 200 kN at 33 Hz and 
Pmal< 

a MTS/Dowty servohydraulic machine, at 14-30 Hz for the lower loads and at 

3-8 Hz for the higher ones. Although it is an expensive machine the MTS was 

used for the higher loads: The temperature of a specimen subjected to a high 

load and a high frequency could increase up to 200 o. In order to 

avoid this, it had to be tested at low frequency, what was only possible in 

the MTS, since the SCHENCK works only near resonance frequency. Frequency 

effects within the range used here have very little effect on the fatigue 

resistance. An appreciable effect would only come from too high 

temperatures, due to too high frequencies. Moreover, the required testing 

time was too short to allow corrosion by humid laboratory air influence the 

fatigue life. The temperature was checked for every specimen. 
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III.2.2. Tests procedure 

We started each of the 2 series with the lower loads. in order to determine 

the fatigue limit with the staircase method. 

According to the staircase method. we started at a load we guessed to be not 

far from the fatigue limit (30 kN = 250 N/mm2). The given stresses are 

nominal stresses, and don't consider the Kt. This load corresponds to a bit 

more than 40% of the ultimate strength. In usual steels, the fatigue limit 

is usually 50% of the ultimate strength and in design, it is considered to 

be 45% of 0u' When a specimen broke, the next one was loaded 2 kN lower, 

when a specimen was a run-out, the next was loaded 2 kN higher. We used 10 

and 12 specimens for the staircase method and the others for the higher part 

of the S-N curves. 

Normally, the staircase method gives accurate results with about 25 

specimens. But even if 10 specimens are not enough to give an accurate value 

of the fatigue limit, it would give a rather good idea of it. The run-out 

specimens of the staircase method were then used again at higher loads, for 

the higher part of the curve. 

When the curves were plotted, the endurance part of the curve corresponding 

to a 50% failure probability was evaluated on the basis of a straight line 

by a linear regression program. 

III. 2.3. Working group 

I worked together with the technical assistant who made the MTS machine run 

(it was rather delicate to use) and the student from a technical school. 

III.3. Results 

The lists of tested specimens and results are given in table 23 and 24. Then 

the S-N curves were plotted (fig. 16, 17). The linear part was calculated as 

the equation: 

Log N + a Log Pa = C 

where N is the number of cycles at failure and Pa is the corresponding load 

in kN. The coefficients of this equation are given here: 
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a C f 

Serie Ht 17 I 12 31,52 0 / 92 

ISerie HD 15 47 28 87 o 89 

f is the correlation coefficient of the curve. 

The values of fatigue limits SF calculated as in Tables 25, 26 Cdn be 

summarized as follows: 

-2 SF (Nmm ) -2 s (Nmm ) 

Ht 255,5 13,5 

HD 248 7 3 

where s is the standard deviation of the fatigue limit. 

The crack always initiated at a corner of the cross section (the corners 

were deblurred and slightly polished) and once it had been observed (a few 

millimeters long) the specimen cracked within some seconds. So, the 

microcrack stage took almost the whole fatigue life. 

Watching of the crack surfaces showed a major difference between the HD and 

Ht series. 

In the HD serie, the specimen was square to the rolling direction, 50 the 

crack was in the rolling direction. The crack surface showed important shear 

lips. On the contrary, the Ht specimens, were the crack grew square to the 

rolling direction, had a quite flat crack surface. This feature looked a bit 

strange. In effect, we could expect the contrary. In this kind of material, 

a crack growing in the rolling direction should follow regularly this 

direction and give a flat crack surface. On the contrary, a crack growing 

square to the rolling direction would give shear lips by inter 1lranular 

slipping. 

The directions had been given by the fabricant. In order to check it, I cut 

a small part of a specimen and, in the materials science laboratorYl 

polished it and etched it. The observation under a microscope (G ~ 100) 

showed a longitudinal shape of some dirts of the structure that gave us the 

rolling direction. The rolling direction was finally exactly the contrary of 

what had been given by the fabricant. SOt in the HD series l the specimens 

were parallel to the rolling direction, and in the Ht series, they were 
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square to the rolling direction. So, the difference in crack surface could 

be explained easier. 

rrI.4. Conclusiohs 

The HL and HD curve slopes don't show a big difference and the data are very 

similar. 

The Fatigue limit values are quite close to what was expected (since the 

staircase measurements were started at 250 N/mm2) and represent in both 

cases 43% of the ultimate strength. The slightly better result found for the 

HL serie Fatigue strength may be due to the fact that in this case, the 

crack has to go through the grains that behave as obstacles. 

This rather easy investigation gave me the opportunity to work on new 

machines, and particularly the SCHENCK, that I was to use in the next 

subject. Plotting the S-N curves gave me an idea of the work procedure I 

would follow. I also realised that, although the specimens were plain and 

identical, a big scatter happen in that kind of test. 

It was a good introduction to the second subject of my training period. 
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IV SECOND SUBJECT: TESTS ON WELDED SPECIMEN~ 

IV.1. Introduction 

As a contract with the European Community, the laboratory for structural 

fatigue had done a research about "The fatigue strength of welded, bolted 

and riveted joints in high strength, low alloy steel" [11]. The welded 

joints were tested to determine S-N curves, in order to produce fatigue 

data, suitable to be used in design stage. 

Only for the laboratory interest, some of the welded specimens were TIG

dressed before being tested. The tests showed much better results. Thus, it 

was decided that, after this research, more tests with TIG-dressed specimens 

would be carried out in order to evaluate the strength improvement caused by 

TIG-dressing on lap welded specimens. 

IV.2. The TIG-dressing technique 

Under fatigue loading , welded joints behave like sharply notched specimens, 

with a low fatigue strength. The fatigue cracks generally initiate at the 

weld toe. This is due to the following reasons: 

- Non-metallic sla!; inclusions were formed when the metal '.-ldS mel ted, what 

can be 0,1 mm deep and are the results of the process itself. These 

defects produce pre-existing cracks in the weld toe region, that propagate 

under fatigue loading [5]. 

- Weld has an important effect on the stress concentration, because of the 

change of cross section at the transition between the plate and the weld 

metal, and because of the weld profile discontinuities. 

- Self stresses are formed in welds because of the non uniform temperature 

gradients and contraction of the weld metal during the welding and cooling 

process. 

Thus, to improve weldments fatigue resistance, it is possible to remove the 

inclusions, to reduce the geometrical discontinuities or to modify the 

residual stress distribution [5,6]. 

TIG-dressing (Tungsten arc inert gas dressing) is a technique that can 

improve weld profile and remove entrapped inclusions at the weld toe. It is 

performed by remelting the toe region with a torch without addition of 
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filler material (see fiq. 18). This carries away the inclusions to the 

surface of the weld pool and thus, removing the pre-cracks, re-introduces 

the crack initiation stage into the fatigue life. It also makes the toe 

radius smoother and decreases the weld profile severity. This technique has 

been investigated for more than 10 years and typical increases of endurance 

limits range from about 20 to 100% [5]. 

IV.3. The previous research and what was to be done [111 

IV.3.1. Specimens 

The specimens material was FeE 560-TM according EU 149 (see Appendix B). The 

plate thickness was 6,0 ( t ( 6,1 mm. 2 types of welded specimens had been 

tested = a butt weld joint, with the least possible excentricity, and d lap 

weld joint with 2 fillet welds with high excentricty. For each type of 

specimen, there were 4 series of different consumables. Each one had a 

hardness according to its Nickel percentage: 

Consumable Tvoe and diameter of wire HV5 

SG2 (0% Ni) Solid 1.0 220 

1 • Ni Solid 1.0 250 -. 
1, 5 % Ni Solid 1.2 270 

2.5 % Ni Cored 1.2 290 

IV.3.2. The tests 

The specimens fatigue endurance was tested and S-N curves were determined 

for each serie. The SG2 type joints showed the lower fatigue resistance and 

the 2,5 % Ni type joints gave the best overall performance. 

Therefore, it was decided to use 2,5 \ Ni type joints to produce S-N data in 

the main program. 3 types of loading were used: 

- constant amplitude loading 

- random loading J = 0,99 

- random loading J = 0,71. 
with J = number Qf peaks 

number of positive going zero crossing 
All tests were performed in axial loading at R = -1. 

As the SG2 type welds showed the shortest endurances of all welds tested, 3 

specimens were TIG-dressed before testing. The improvement reached was 
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estimated at a factor 2 in stress range (see fig. 19). But as TIG dressing 

was not a part of that program, no further attention was given to this type 

of improvement. 

IV. 3 . 3. What would follow 

Then, the laboratory decided that, after that research, tests would be done 

to evaluate the fatigue strength improvement of TIG-dressed specimens beside 

as welded specimens. 2,5 % Ni consumable type specimens would be tested, 50 

that the comparison could be done with the results of the previous research 

main program. 

In order to study the TIG-dressing heat input influence and to find if it is 

possible to reduce it to save energy, several heat inputs would be tried. 

Since what was to be tested was the TIG-dressing influencer thus the toe

cracks, the weld-root cracks had to be avoided. The root-cracks only mean 

that the weld is not deep and strong enough and one knows how to avoid it, 

but in the first results, some failures were due to root-cracks, and some of 

the weld toe cracked specimens showed also macro-cracks of the weld root. In 

order to avoid these cracks, the specimens would be bolted (see fig. 20). 

IV.4. Work procedure 

IV.4.1. Doing the tests 

This second subject consisted mainly in endurance tests. First, the 

specimens had to be prepared. After they had been TIG-dressed in the welding 

laboratory under our oversight, I had to drill them in order to put the 

bolts in and to grind the surface that were to be in the grips and the edges 

of the weld. Then, the specimens were put in the machine and loaded until a 

crack or a fracture occured, what made the machine automatically stop. This 

could take from some hours to some days. When a specimen didn't break, we 

waited until 107 cycles, i.e. about 4 days. The machine ran also during the 

night and the weekends. So, in order to economise time,. the low loads, that 

were expected not to make the specimen break, were applied just before the 

week-end. Higher loads that were expected to make the specimen break in one 

night were applied in the end of the work-day and very high loads were 

applied during the day. 
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At first, the loads were chosen according to the previous research. After 

each datum obtained, we decided which next load to apply. 7 different loads 

were tested, with several specimens at each load in order to give an idea of 

the test-scatter. 

The strain had to be measured at the beginning of each loading with a 

strain-gage. 

A total of 20 specimens had to be tested. 

Like for every machine in the laboratory, every time we put a specimen in 

the machine, we had to write in a book every information about the load, the 

specimen and the machine work. 

According to the professor's decisions, the first step of the work was to 

t~st 6 specimens TIG-dressed with a 10 KJ/cm heat input. After this serie, 

the following heat inputs (7 and 14 kJ/cm) were decided. In order to get 

some experience with random amplitude loading, 4 specimens were spared to be 

tested under narrow-band random loading conditions. 

IV.4.2. Analysis of the specimens 

Another part of the work was to analyse different features of the specimens: 

TIG dressed zone radius and regularity, crack surface, heat affected zone, 

hardness. 

A method to measure the weld profile geometry in detail had been found by 

Prof. Overbeeke: A weld profile replica can be made from a soft material 

(Silicon Rubber), that reproduces the details of the surface. Slices can be 

cut from the replica and then the weld profile is easily shown and can be 

watched and measured under a microscope. I used this technique on several 

specimens, essentially in order to measure the differences in TIG-dressed 

zone radius according to the heat input and the profile irregulfrities. 

All the cracked specimens were watched on both sides under the miscroscope, 

in order to detect other cracks or any other useful information. 

After testing, some specimens were sawed in the middle and then totally 

cracked, in order to examine the crack surface and try to detect the 

initiation points. 

Some other were sawed longitudinally and then etched. So, the different heat 

affected zones were observable, the welding HAZ, and the TIG-dressing HAZ. 

The HAZ size was observed for the different heat inputs. This was to be done 

together with hardness measurements. The hardness had to be measured all 

along the TIG-dressed profile. Then, a relation between the hardness and the 

HAZ could be evaluated. 
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IV.4.J. Working group 

I worked together with the technical responsible assistant and the student 

from a technical school. 

The assistant explained us how to use the fatigue machine and kept an eye on 

the work. We chose the loads together and he gave me advices, informations 

and useful litterature. I worked with the student on the machine itself, 

that required 2 persons and some strong manipulations. We put the specimens 

in and out of the grips, and made the machine run. Then we did together the 

strain measurements, one applying the strain gage on the specimen and the 

other one reading the oscilloscope. 

IV.S. The tests on TIG-dressed specimens 

IV.S.1. Experimentijl considerations 

The material plate was FeE 560-TM, a high strength, low alloy steel (see 

composition and mechanical properties in Appendix B). The specimens were lap 

welded joints, with high excentricity. They were obtained from stripes of 

995 mm wide, welded together and from which longitudinal tests specimens 

were made by sawing (see fig. 21 production and fig. 22 dimensions). 

The welding consumable was a 2,5 \ Ni cored wire. The cored wire is a new 

type of consumable. It is a low class material wire, filled with ingredients 

that are melt with the material during the welding and make the weld strong. 

In the first research, the 3 specimens had been TIG-dressed with 11 KJ/cm 

heat input, according to the recommendations of Hanzawa [7] who has found 

that a heat input of 5 KJ/cm was not enough and recommended the use of heat 

input of at least 10 KJ/cm. In this program 3 heat input series were tested. 

7 specimens were TIG-dressed with 7 KJ/cm, 6 were TIC-dressed with 10 KJ/cm 

and 7 others with 14 KJ/cm. The TIG dressing was done by hand (see Table 

27). The specimens were bolted in the middle with 2 bolts of class 8.8 and 

size M12, bolted by hand until a plastic deformation was felt. In order to 

avoid a failure due to weld edge defects, the edges of the TIG dressed zone 

were grinded. 

The specimens were dynamically tested in a SCHENCK Subresonance machine, 

capacity 200 KN, at 40 Hz and at different loads until failure or fracture 

occured. 
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2 7 kJ/cm and 2 14 kJ/cm TIG-dressed specimens were loaded under random 

amplitude in the MTS servo-hydraulic fatigue machine at 20-25 Hz, with 
R = -1, J = 0,99, Q = 5 26 (Q = highest peak value ). 

, root mean square value 
As the lap joints are excentric , the axial loading leads also to rather high 

secundary bending moments. The maximum fiber stress amplitude 0a was 

measured with a friction gage, TML type CBF-6 and springloader TML type 

FGH-1. These gages are strain gages embedded in a rubber pad. This pad is 

provided with a high friction coating of fine grit. When they are pressed by 

hand against a surface, the friction between pad and surface makes the 

strain gage follow the surface strain. Friction gages are very suitable for 

measuring dynamic strain amplitudes. 

The place of measurement was in the centerline of the specimen, at 20 mm 

from the original weld toe. 

In the first research, the ratio of maximum fiber stress amplitude ° a 
calculated with E = 210.000 N/mm2 and the nominal axial stress amplitude S a 
had been averaged from 10 specimens. to 

~ = 2,42 ± 0,16 
Sa 

This value of 0a was measured on the faces 1 and 2 showed on the following 

figure. 

04 1 

2--

The ratio of the minimum fiber stress amplitude 0' was also calculated as a 

o· 
-A 
S a 

::: - 0,5 
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0' was measured on faces 3 and 4 on some specimens. a 
One specimen of 7 kJ/cm heat input (N564) and one of 14 kJ/cm (N 554) were 

sawed and polished with polishing papers of several grades and then diamond 

paper. Then, they were etched with Nital. The Vickers microhardness 

measurements were taken with a 5 kg weight. 

IV.5.2. Results 

The tests gave different results according to the different heat inputs of 

the TIG-dressing procedure. The 10 kJ/cm heat input gave good results. A 

straight line was evaluated for the endurance part of the log S - log N 

curve (see fig. 24), with the following equation: 

5,23 log Sa + log N = 15,87 

This line is much higher than the one obtained from testing the as welded 

specimens, whose equation is: 

3,16 log Sa + log N = 11,308. 

It shows an improvement of about a factor 1,6 in stress range. The 2 other 

heat input specimens gave much more scattered results (see fig. 25 and 26). 

The data obtained from these tests didn't allow the calculation of a S-N 

curve, because of the scatter and the small number of specimens. 

The figure 27 shows the results for the 3 heat inputs, and the comparison 

with the as-welded specimens S-N line. From this figure, it appears that: 

- The 7 kJ/cm heat input data were close to the line found for the 10 kJ/cm 

heat input specimens. 

The 14 kJ/cm heat input specimens showed no real improvement as compared 

to the S-N line of the as-welded specimens. 

From the strain measurements, the ratio of maximum fiber stress amplitude aa 

and the nominal axial stress amplitude S was averaged to the following a 
values: 

heat- input (kJ/cml 7 10 14 as welded specimens 
a 
~ 2,25 2,26 2,23 2,42 S a 
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These values are close to each others and are somewhat smaller than the 

ratio found for the as welded specimens. This difference is apparently 

caused by the extra deformation which resulted from remelting the weld toe. 

This is also a reason for the better behaviour of the TIG-dressed specimens. 

However, no extra correction for this difference was made. 

The profile geometry (see the table below) showed that the toe radius was 

the largest for the 14 kJ/cm dressed specimens. but it was a little bit 

larger for the 7 kJ/cm than for the 10 kJ/cm heat input, as follows: 

heat input (kJ/cm) 7 10 14 

maximum toe radius 5,00 4,25 7,15 

minimum toe radius 3,25 2,50 4,00 

The 14 kJ/cm dressed specimens toe profiles were not very smooth neither 

circular and showed irregularities. The 7 kJ/cm dressed specimens showed the 

smoother profiles, as observed from the replicas and from direct 

observation. They have been the last TIG-dressed specimens, and since the 

dressing was done by hand, the welder could be more used to the procedure at 

the end. 

The crack observation showed that the crack followed regularly the melting 

line of the dressing at the toe, except for the root-cracked specimens that 

showed a crack in the middle of the welded zone. These cracks occured at 

high numbers of cycles and are considered as runouts for the toe-cracks. One 

10 kJ/cm dressed specimen (N 562) also showed a root-crack together with a 

toe crack on the 2 opposite sides. 

During the remelting process, spatters were sometimes formed at the toe and 

were often situated on the toe melting line. The cracks may have initiated 

there. The crack surfaces were very smooth but showed the initiation points. 

The cracks initiated along the TIG-dressed side, and sometimes in several 

points at the same time. The specimens N 566 and N 554, that broke at low 

numbers of cycles, had a irregular TIG-dressed zone, and the crack went 

through the HAZ of the base material. 

The etching showed clearly the different zones (see fig. 30). For the 7 

kJ/cm dressed specimens, the TIG-dressed HAZ was smaller, mostly in the weld 

material part, than for the 14 kJ/cm TIG-dressed specimen. 
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Microhardness HV5 measurements (see fig. 28 and 29) showed a softening at 

the weld toe in the TIG-dressed HAZ: HV5 = 170 Kg/mm 2 for the 7 kJ/cm 

dressed specimens. For the 14 kJ/cm TIG-dressed specimens the lowest 

hardness of the HAZ was HV5 ~ 250 and equal to that of the base material. 

The TIG-dressed zone itself had a hardness HVS of roughly 300 Kg/mm2. 

The results of random amplitude tests are plotted in fig. 31, that gives also 
results of random tests on non dressed specimens. Because of the low number 

of specimens, no evaluation is possible. 

IV.6. Summary and conclusions 

To investigate the effect of TIG-dressing on the endurance of welded joints, 

20 specimens, left over from a previous investigation, were TIG-dressed with 

3 different values of heat input with 7, 10 and 14 kJ/cm respectively. 

IV.6.1. Weld details 

The minimum radii at the dressed weld toe, as measured by replicas were 2,5 

to 4,0 mm. The larger value was for the highest heat input. Cracks 
initiated from the melting line between plate material and dressed zone, or 

within the dressed zone. 

The hardness of the TIG-dressed zone was HV5 ~ 300, and so of the same class 

of hardness as the original weld (HV5 ~ 260-320). However, one of the HAZ in 

the plate material next to the dressed zone showed a hardness as low as HV5 

= 170. So, a further investigation into the hardness profile of welds and 

HAZ seems necessary. 

IV.6.2. Influence of heat input 

The results for constant amplitude loading at R = -1 showed: 

Heat input 10 kJ/cm 

- An increase in load carrying capacity of about 60% at an endurance of 106 

cycles, and an increase in estimated fatigue limit of 40-50% as compared 

to the non-dressed joints. 

- A change in slope of the log S - log N line from -1/3 (non dressed joints) 

to -1/5, indicating the greater importance of micro-crack initiation and 

growth improvement. 
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Heat lnput 7 KJ/cm. 

Only 5 specimens were tested. The results are comparable with those for a 

heat input of 10 kJ/cm. 

Heat input 14 kJ/cm 

Only 5 specimens were tested. The improvement found at the other heat inputs 

was not realised, and it appears that this high heat input does not give an 

improvement at all. 

IV.6.3. General conclusion 

So, the improvement that can be reached by TIG-dressing appears to be 

dependent of the heat input. 

For the 6 mm plate thickness used, a heat input of 7-10 kJ/cm seems to give 

a maximum improvement. T is contrary to a minimum heat input of 10 kJ/cm 

and no maximum as advised in [5] ana [7). 
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v. GENERAL CONCLUSIONS ON THE TRAINING PERIOU 

Tnis 6 month training period, as a part of the study curriculum 
at the University of Compiegne, was meant to give a practical 
experlence and an illustration of the way one can apply oneis 
theoretical studles, and also to show what the working organisation, 
environment and relationships look like. 
In spite of not taking directly place in the industry, the training 
period I spent at the University of Eindhoven widely met its 
purpose. 
First, 1 had the opportunity to get a rather deep scientifical 
and technical knowledge about a subject that was new for me. 
A part of my work was done together with a factory and was much 
concerned with industrial applications. But the newest aspect 
to me was the practice and the research procedure. I learnt 
how different it ;s from theoretical studies and even practical 
University works, leaving away certitudes, showing so much more 
complex reality and taking into account unexpected and puzzling 
results as well as "good" results. 
During most of the time I worked together with other people, 
and it resulted in a pleasant group work. I had contacts with 
staff and students who were friendly to me and made my stay 
pleasant and easier. 
I have to mention at last the great experience that ;s to live 
during 6 months in a foreign country, to practice another 
language and learning new habits, that made this training 
period also a rich cultural and personnal experience. 
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i. Introduction 

For a student-exercise (3rd year) on crack growth under constant 

amplitude fatigue loading, a new specimen has been designed 

(see fig. 1). 

The reasons to choose this design were: 

- a specimen with a rather long range of crackgrowth is necessary for 

a student exercise. 

- a compact tension specimen is excentric and may easily vibrate on 

its own at 75 Hz. 

- a central cracked panel should have a free length of at least 

2 times its width and the clamping into the grips takes rather 

much time. 

The specimen should be economic, therefore easy to make in the laboratory 

it self and of a small size. 

Using a friction grip, it should be possible to use the specimen under 

compression load too. 

But, since this specimen ~s new, the stress intensity factor expression 

is known only approximately. Together with a finite elements method 

analysis, tests have been done with this specimen in a well-known material. 

The purpose was: 

a. to determine a proper range of AK according to the crack growth range, and 

b. the available formula to calculate AK for this type of geometry. 

In order to relate the crack growth rate :a with the stress intensity 
da n 

factor range AK, the dn versus a curve was plotted. 

Then, using the results of the finite elements analysis, 

AK curve was plotted and compared to the curves found in 

da the dn versus 

the 1i t tera ture . 

Another method, based on energy considerations, was tried at the same time. 

The compliance e was measured as a function of the crack length, ~n 

order to compute the derivative according to the equation 

2 ae 
G=L-

2 da 

G is the energy release rate and e = ~ where V is the variation of the p' 
opening displacement. 

But, since the derivative depends on small changes in e, the method 

requires very accurate measurements techniques. Some measurements 

showed that the equipment could not give this accuracy. Therefore this 

method was given up after some tests. 
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2. Experimental considerations 

2. I. Material -------

2024 T3 aluminium alloy. 

Yield strength: R 0 2 = 320 (1) /345(2) N/mm2 
p , ( I) (2) 2 

Ultimate strength R = 440 /483 N/mm 
m 

The specimen has a TL(3) orientation, so the crack direction is in 

the rolling direction. 

Compact centre cracked panel (see fig. 1). 

The initial notch was produced by hand-sawing between 2 small drilled 

holes. The fixing holes were drilled. The surface was polished with 
o emery paper, grade 400, then 600. Polishing direction was 45 to the 

axis in order to avoid misreading of the grating and of the crack-tip. 

The scratches of the grating were made on a translation stage. They 

were at 1 mm intervals and the accuracy of the grating was! 0,01 mm, 

as controlled with a travelling microscope. 

The specimens were tested under constant load amplitude in a 10-HFP Amsler 

resonance fatigue machine. The load was pulsating tensile and varied 

between P. = 6000 Nand P 
m~n max = 10.000 N for the 3 first specimens and 

between P. = 3600 N and P = 6000 N for the fourth specimen. mn P . max 
So, the ratio R = pm~n was in both cases 0.6. For the 4th specimen the 

max 
crack was initiated with P. = 1000 Nand P 

~n max = 7000 N and the load 

was gradually reduced to 3600/6000 N. 

The frequency used was 75 - 85 Hz. Specimens were held in the machine by 

clevis joints, according to ASTM/E399, because the friction grip were 

not yet ready at the time of the test. After fatigue cycling to a certain 

crack size, some specimens were loaded monotonically until final separation 

occured. 

The test environment was laboratory air at ambient temperature. 

Surface crack length was measured with 2 microscopes, 80 X, both mounted 

on a travelling support alongside the specimen. 
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Series of 4 measurements of crack length, on one each side of the 

2 crack-fronts, called aI' a2, a
3

, a4 (see fig. 2) were taken. The 

2 crack tips of the same crack front were measured simultaneously by 

2 persons so as to be at the same number of cycles with the high 

frequency used. 

The crack opening displacement was measured with a clip gage MTS 

model 632.02C-22, Serial no. 160, internal no. WH 1321, of range 2,5 mm, 

connected with a Vishay 2110 strain gage conditionner. 

figure 2 

I 

I 
I 
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3. Computation of the curves 

The 4 measurements were averaged to 

and 

Each average value was related to its proper number of cycles. 
da The crack growth rate dn was calculated for each side as= 

da di+l - di 
- == --:---:---":" 
dn ni+l - ni 

ai+1 + ai 
and was related to each average value 2 == a l/3 or a

2/4 
• 

Table I gives an example of these calculations. 

4 Specimens were tested with the following test parameters= 

Specimen no. F Min (N) F Max. (N) crack direction 

p 631 6000 10.000 

P 632 6000 10.000 

P 633 6000 to.OOO 
TL 

P 635 3600 6.000 

Table 2. 

da 
The dn versus a curves were plotted for each crack-front. As, when the 

first specimens were tested, the K values were only approximately known, 

the results were worked out on the base of a linear log-log relationship, 
da because the measurements of dn showed an- almost linear relation with a. 

The straight line was computed with a linear regression program. 

(See figs. 3, 4, 5). 
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3.2. ~£~~~ 

Table 3 and fig. 6 show an example of the estimated accuracy of the 

results. Appendix I gives the accuracy calculation method. Some error 

intervals are very wide when the da interval is too small. However, 

the results are quite close for the specimen P 631, P 632 and P 633 

that were tested under the same load. 

The results showed an important scatter for the specimen P 635. Therefore, 

an other method was utilised for this specimen. The n versus a values 

were plotted and a smooth curve fitted through the data points. The 

tangente was drawn at each measured point and measured as the value of 
da da . 
dn' Then, the dn versus a curves were plotted (see f1gs. 7 and 8). 
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4. Analysis 

For a infinite wide sheet with central crack of length 2a, the ~K 

expression is: ~K = ~s ;.rr.a (1) 

For other configuration there is a correction parameter th~t depends 

on the configuration and the crack-length-to-wide ratio: 

(2) 

The finite elements method gave the function f <:) for this 

configuration (see fig. 9), 

Using this curve, the ~K values were calculated in plane strain conditions 

(because the fatigue crack surface showed no shear lips and the plastic 

zone was small) as: 

K "" P 1 f(a) (3) 
I 2 B w1/ 2 (I_y 2)1!2 w 

da Each AK value was related to a --d value by means of the appropriate a 
n da 

value (see table 4 example) and the dn versus K curves were plotted 

(see figs. 11, 12 and 13). The plots showed an almost linear relation for 

the specimens P 631, P 632, P 633, that would correspond to the linear 

part of the general curve of fig. 10. It is the part were Paris equation 

can be used: 

(4) 

where m is the slope of the straight line on a log-log scale. 

The slopes were calculated with a linear regression program (see table 5). 

The specimen P 635 curve still showed a too important scatter and it 

was not possible to determine a linear relation. 
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5. Discussion 

From figs. 11, 12, 13 it appears that the straight line relationship 

according to Paris law is a bit artificial. 

The following reasons can be the cause for that: 

I Th fd " da 1 • e accuracy 0 eterm1n1ng dn was ow. 

A straight line will still be within the "accuracy band" of the 
da d . dn ·ata pOlnts. 

2. The crack direction was T-L, so the crack was growing In the rolling 

direction. Since in this case, the crack growth is inter granular , 

this normally results in a more irregular crack growth and a higher 

exponent in Paris law. 

For 2024-T3, reported in litterature (4), the exponent for crack 

growth is 4, while here it was more than 5. 

6. Conclusions 

The :: obtained values varied of a factor 20, and the crack growth 

range was 30 mm. The speed of testing after initiation was several 

mm per hour. These ranges are large enough to give workable results 

in the available students test time. So the specimen is suitable for 

students exercises. 

Tests with crack growth in the L-T direction should be carried out to 

see whether Paris law is approached better. 



Appendix 

da Accuracy calculations for dn' 

- 9 -

The crack growth a was measured as follows: 

a = a + a' + a" o 

a 
o 

Fig. 14. 

See fig. 14. 

d 

at 

Since the grating was done on a travelling table with a micrometer, 

there is no systematic error on the distance d, and the mean value 

of ~at is zero. So, the error on a is: 

~a = ~a + ~alf. 
o 

ao ~s 0,05 mm and ~a" depended only on the eye-reading accuracy so 

it is 0, I mm. So 

~a = 0,15 nun. 

The error on da is: 6da ~ ~a. 1 + 6a. = 2~a = 0,3 mm. 
~+ ~ 

As the cycles counter rounded n to the hundreds, the error on n is ~n = 100. 

The error on dn is: ~dn = 6n. I - ~n. = 26n = 200. 
~+ 1. 

S h . 1 f da . 
0, t e error 1.nterva 0 dn loS: 

= [da-O,3 
@n+200 

da+O,3] 
dn-206J 
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Nomenclature 

a half crack length 

ao distance of the specimen centre to the first scratch 

aI' a2, crack length of each side and each face of the specimen 
a

3
, a

4 

:~~t average value of at and a 3/a2 and a4 

a. 
l. 

measurement no. i of a. 

a 1/ 3/a2/ 4 = average value of (a 1/ 3)i and (a1/ 3)i+l/(a2/ 4)i 

A pre-exponential constant (equation (4») 

B specimen thickness 

C compliance of the specimen 

da difference between a i +1 
and a. 

l. 

dn difference between ni +1 
and n. 

]. 

da 
~ crack growth rate; change in crack length per cycle. 

n d da 
~a/Ada/Adn/~d:/An = error on a/da/dn/1:n/n value 

~K stress intensity factor range (K -K.) max ml.n 
AS nominal stress range (Smax-Smin) 

f(~) correction parameter function (equation (2) w 
G energy release rate 

m exponential constant (equation (4» 

n number of cycles 

n· measurement no. i of n 
l. 

P load 

P Ip. = maximum/minimum load max ml.n 
R stress ratio; S . Is ml.n max 

yield strength 0,2% offset 

ultimate strength 

S nominal stress 

TL specimen orientation: transverse direction to crack, 

crack proceeds in longitudinal direction L. 



A P PEN D I X B 

Properties of Tested specimens materials. 

B-1 2024 T3 

Chemical composition 

Cu 4,23 Mg 

MIl 0,58 Si 

Fe 0,32 

Tensile properties 

cr 
y 

cr m 
Elongation 

Heat treatment 

in % 

1,48 

0,17 

[I] 

320 N/mm2 

440 N/rmn2 

12 % 

[2] 

345 N/mm2 

483 N/mm
2 

18 % 

T3 Heat treatment consists in precipitation hardening that 

results from natural aging (Stable after one week). Copper 

precipitates are formed during the cooling process and this 

increases strength and hardness of the material. After 

quencring, cold work deformation is applied. 

This process is characterized by high fracture toughness and 

resistance to ~atigue [12J. 

B-2 Fe 510 

These data were given by the fabricant. 

Chemical composition in % 

C 0, 149 N 0,004 

MIl 1,478 Cu 0,050 

Si 0,309 Sn 0,004 

P 0,023 Cx 0,041 

S 0,010 Ni 0,032 

Al 0,044 Mo 

Grain size: ASTM-12 



- 2 -

Tensile eroperties 

Cross section: II 1 
Re (N/rml) 420 444 

Rm. (N/mm2) 570 583 

Elongation % (50 mm) 28 26 

B-3 Fe 560 TM [111 

Chemical composition in % 

C 0,095 N 0,0122 

MIl 1,504 Ce 0,024 

Si 0,~56 Cu 0,015 
p 0,016 Sn 0,003 

S 0,011 Cr 0,017 

Al 0,020 Ni 0,015 

Nb 0,055 Mo 0,002 

V 0,094 

Tensile properties 

Cross section: II 1 
Re 628 658 N/mm 2 

Rm. 716 727 N/mm 2 

Elongation 25,0 21,3 % 

Grain size: ASTM size 12,4. 



2024 T3 p == 10 kN max R = 0,6 

dN do ("m_'l Ia. 
0.3( ...... ) ~ N(1o~ dO 

..Mo~~@! O(d&.:!. 
-1. 

2-(rn ...... ) 

20,18 loJ4;3 20,38 ifH~5 

3404 G,~3 .2,36 
.2.2,40 23,08 22if4 -I51g9 

360 +,::;g 0/2.8 
22112 23,32- 23)02- -1555"5 

A02..0 1;45 0,=1-6 
23156 .24 2.3;=t-g 46~9 

1=16 6').9 6' O,slt 
14)12 24-/52- 24,32- J=i-35"5 

554 8) 12. 0,45 
24-,5 25;04.- 24,=1=1- 17-.909 

~30 12)58 AA+ 
I 

2.5,8 2.6,08 2S;9~ 18835 
g8-1 13162.. ;1,2. 

26,88 2.'1,lr-O 2.=1) 14- 19-=120 
=1-0Z 14,96 A,DS 

1..=1;.94- 2~,44 2.'8, IS 2.0422 
233 15,RS O,3~ 

22)4- 28,12. 28,56 20655 
656 AS;O.9 01'99 

29,2'2. 2'3,88 2.9,55" 21281 
53,!; 16)53 0/35 

30,08 3-1 30 ,54 2/S'gO 
=t:tS 2/,68 A,68 

31,96 3~4g '32.,2.'2. 2.2655 
A ~&' =t-5-:t- '22,33 , 

33,'0 34,4.0 34- 2.3452 
),88 6'1.9 30,3"1-

35,1-2. 36,04- 35,88 240fl 
11.9 29,41 0,35 

36,02- %,~~ 36/2.3 24190 
A 0-=1- '2.:~S 31, 5 4 I 

3i-)ItO 31;2.0 3:t;30 244=1S 
0,85 2.&8 29,51 

3:+,92 38,38 38)15 24-=1-6'3 
.,.1,6 42.'r 3:r =13 

I 35,58 39J~2. .3~,iS- 2.519=1-
A{,5 31 J8J1 OJ 52 

40) IS" 4 0) ~() 40 )2."1- 2.5352. 
..1/2.:;' :'69 34~5 

41)5 411~0 Lrl,55 25=+21 
A/5=t 312. 5D,t;.8 

~2,92 43/30 4-3J 12 26"033 
A,=1S 342. 51)1:::;' 

44,=15 45 44)8=t- 2.63=r S 
2./3 1-3,94-A,S1-

46') .. 0 t,.~=to 46) 1,.5 26Sf?g 
.2.) r 2. 2..6'.9 ""8,~9 

Mi,IS 49 4-~)'=t=t 2.6'SO =r 

Table 1. Crack length measurements and crack 

growth rate calculations. 

Specimen P 631, Side 1-3. 

O,,1f .... _) 

21,55 

22,ig 

23) 4 

2.4-,OS 

Z415~ 

25,35 

20/54 

2::f I b6' 

28)::rt 

29,oS 

30,oIr 

3 1,38 

~3) 1/ 

34,~4 

36/05 

36 =to , 
31,-=1-2 

3g,~S" 

40
r O' 

40,91 

42,34 

44-

4S,b~ 

41j5-1 



2024 T3 Pmax == 10 kN R :: 0,6 

ch ( ... ",,) dn(ID;eLu 
do. --+03 do. _o,~ 
d." _ 2.00 cI..., -+ 2.00 
(n""/~~ (om /cyd..) 

2,36 ?>'-t 04 1,g2 0, o~ 

0,2.8 360 16,20 

0/t6 ( 0.2.0 10,4- I 4/> 

o,S4- ,.16 W,gS 308 , 

0, irS' 554 J:'>1 51t J. :to 

I) I =t '330 15",84- :3,33 

1,2 gg, 11,06 10)19 

I,OS 1-02. 19,H' lObS , 
O,3-=t 2.33 19 2., SR 

0,9.9 6:5"6 ..1'3,12 10 ,4-9 

0,99 59j .2. I, 61 1\4-S 

1,68 tf~ 2:), 61 1+ ,.6 , 
I, :rg -::rg::;. 26) 16 18,5"2 

1)i?8 6 19 35",33 25,61 

0,35 119 5T Lr,I3 

11°::;' 28S '+~I lrf .1';/83 

0,85' 28-Z 4-0,2-1 IS 96" , 
-1,6 42.4- 4:ro2. 30,52. , 
0,52- 16S" 50,3/ 13/ IT 

1,'2.-=J- 369 42.,1'8 '2.6) 'ir 
,
1
5'1- 312 6032 

I 4°,4-S' 
II'l-S 34-2 bO) 2.9 4- 2; lS-

1,5=7- 213 ifS}62 4 6/ 51 

2..,12- 26::1 g e;; !!.3 67,16 

Table 3. Error calculations for 

crack growth rate versus crack 

length curve. 

Specimen P 631, Side 1-3 

2024 T3 Pmax == 10 kN 

~("'''''I 
"-tel<l.) a. ( ........ ') t [Q) 

b,!3 3 :l.l S (;) , It, 4-2. 

-:r:rS' 22n 
I 

4-/54-

1-,45" 2.:" 4- 4-,5'8 

6,2oG :2.4, oS" 4, .. 4-

8) 12. 24-,54- 41~8 

12,5'8 25,3S' 4-,7-6 

13,62 2...'/5t,. 4-, g 4-

'lr,eE> 2=1, b (0 4-,92 

, $", 'Z 'Z 2.8,3=1- S,oo 

,'.> 0:3 .2.9,05" 5",04-, 

16,53 3°1
0 4 ~ 12-

:lI,'S 31,38 5",2..4-

2233 
I 33;" "S3~ , 

;;0,3 =r 341 94 5, Sir 

2..~, 4- I 3', OS- s: 6lr 

31-,5"4- 36, 'l-b 5,/12. 

Z.~,SI 31,=U S; KO 

!>1, =13 ;8~S 
I 

5,92-

3(,81 lro
l
04 6,02. 

?;4,SS' 4091 , b
J 

12 

50,41 It 2,34- 6{2b 

5"',11- 44 ',41-
7-3,:3,*- 45', bb ','0 

T~99 41,5".11 6. 11-8 

Table 4. Stress intensity 

factor calculations. 

Specimen P631, Side 1-3. 

R = 0,6 

.6Kz 
(MNj'm'311 

31 '54-

3,64-

3,b::t 

.3,12 

3,7S 

3/&'1 

3,S'8 

319ft. 

itl°-1 

4-,04-

4-, fO 

lr,2.0 

lr,31 

4, 1t4 

4,>2 

4/511 

4-( 6S" 

4/l-ir 

4t 82. 

lr,9 0 

~02. 

~IS" 

5",2.5 

5;43 



2024 T3 P = 10 kN max R = 0,6 

.2.0,00 

:2-2.,4.4. 

2.'2}·6 

.13,5'3 

14,36 

24,=12. 

ZS",5'6 

.26 180 

2.1,66 

2.8,oir 

2. '?l /2.2-

:;0,':16 

32,60 

~jl4-0 

3'f.30 

;'1-. f, 4-

3S,9G 

39,96 

41, 10 

4-2.(60 

4.4., LO 

10 08 
I 

22.,~O 

2.2,'8 

2.?:>,12. 

'14,51 

1508 , 
2Glo~ 

2.1-142. 

2..8 03 
I 

3f ,=tl 

?>9,olr 

4.°,40 

4-2/4-D 

<i-3/OO 

4-4,SO 

2.0,0~ AA t'35" 

2.2/ itt 1'5"' 2.30 

1.2.,12. 155"30 

2.~lbJ.. 16548 

Z.~,1.r4 lt39f 

14,90 11 'gtR 

2.5/80 IS &\)5" 

if} II l~ 15"6 

2.'1}'t 2.0392, 

l3,32. .2.06'5S 

29,5"3 l123\5 

30/6~ 2192.1 

32./32. 2Z. 65'S 

'35')52 20STt 

3i)fl ')./r 112 

3i;68 .24!~O 

39,00 2~ 5'2.1 

40)11 2.4i04. 

Lr 2. I2S ').5 2.2.0 

42./0 1535"2 

4-4,35" 25690 

4~/:l0 49,1-0 2"20 

5'"1,'1-0 51).,.!? 2' 'l5f 

0'30 , 

o 'f6 
I 

A/..f1 

2.
f
2.g 

2./;0 

).,gg 

0,2.1 

A,32. 

Table S. Crack length measurements 

rate calculations. 

Specimen P 631, Side 2-4. 

:35' .I! 

61..6 

21-3 

5"~:> 

683 

=t :;J,. 

.8 '1. 

595" 

-:rg 

33-1 

2.83 

416' 

13.2. 

33&' 

9,~O 

13,1-0 

11/10 

"14-° 
20;=10 

16,20 

31,00 

!U,n 

2.1., S'f 

13 1'1-
J 

14-,03 

litiS=; 

2.'5,>'5 

2.6 46 
J 

:J.:=f,49 

.2.gp9 

.2.8,St.. 

3°109 

31,18 

30)/6 '->4.,2.1-

31/f6 36A'f 

34,60 31,55" 

39,90 38134-

Lrl,1Q 39/59 

4-9
1 '80 JrlJ1.2. 

4 1,7'0 42.153 

4-'5',90 4 :3,sg 

5"3[30 4T,2:E 

~1-,;O !.rIll 

11-5) 10 5"0159 

and crack growth 



2024 T3 Pmax = 10 kN R = 0,6 

d~C'~ a;;-~ ClC"",,,,,) , t (0.) .6~ .. {r:, N' 1vY\~ 

6,~3 ;2.A,13 4-, ~O 3,53 

AO 00 , 115'1-, lr,51 3
1
6 A 

S,lSlr 2.3/=1- 4-,56 3,'S 

'3,65 .2.4?~ 4,64- 3
1
1-2-

356 , 14,6i- 4,10 3, -=I-=t 

~,i-o 25)5 4,":1-5 .3, ~.., 

I~ ,':f0 2.646 
} 4- 1

34- 3,"i?& 

j 2,10 21-,~0 l.r 192- 3,94-

16,40 .2.15 0.9 , 4)~6 391-, 
.2.0 -=to 

! 
19, '32. 5",Olr 4,04 

11:.,10 :;Op9 5") 4 ~ 4,10 

'31/00 3It+~ 5).i 4,2.3 

':>0)16 '4,2.2- 5A·& ir,39 

31)1-(; 36/p· '5",69 4. 156 

34,60 3+,55" '5/1-8 4,63 

39,.90 3g,31;. 5,S'1r Lr,bg 

4- 1,+0 39,59 J,9~ 4. 1-3 -I 

49,~0 4-1 J 2.1.. 6)'r ~,'32. 

41,10 4-2,53 6,26 5,02-

lt5,~o /.r3/r8 6,39 5>U 

54,60 45,4-3 b,Sg 5"/171-

5"3,30 41-,2f 6,'1-S ~4-3 

6+,,0 t.,.g g~ 
• 

'1-,O() ),"1') 

15)10 5"0,59 fllO 'I :f 1-

Table 6. Stress intensity factor calculations. 

Specimen P 631, Side 2-4. 



2024.T3 Pmax ,. 10 kN R :: 0,6 

a.. Q'!t Q i'"O) N do 
(-"" ) ("" ...... ) -z.-- (I Olc:j C 

dN , ~N{;" ~ {J (m~) (11)1 "-lei ,S ~ 
~O,02. 200=1- ;/.0p4- . ~~53 

I 

lO/i2 2.1/l 2.O,~ \I'l:?>lt 
O,~ZS 12g'1 ~ 1.2. 

.2.1,61 225'2- 2.l?=1- 12Sg3 
A,A 134-9 8 j IS" 

I 

12,9.2- 1.3,++ 1.:',34 \3=krl 
A ,2:r5' I Ig4 IO{~=1-

.2.;,S.::r 24,1-1 .2.4/34- 1l40S' 62- "'" 
=I<.3S" 12, S"8 

25/1- lS,n 25",Lr9 li"lo3 
.A ,.,I 5" bit l r1-, <34-

J.6/!J2. 1T,52. 2=1-,2.1.. 15'5g2-
) ,=125" -=r=tS 2.. '1., H+ 

:J..~,~T 1$,5). 2$,2l,. 1'5'=1-
A ,015"' 5"'35 ;9,16 

).~/g:r 3D,S'!f 30,2.'2 1=l-4f't 
;,~:J.S ~oo .U,S,,*" 

3 1,2.'1- :;1, '32 ~ I/S..9 1:t~'33 
.4,3;5" 5'16 2G(&S 

~.2 Il 31'2 52;3-=/- 1'i1~2.. 
0/,,':1-5" 25S 29,92 

J I 

33,~ 34-,22. 54}t:3 \g82.~ 
,A, :;'25' b3:'i- 2.':f/Og 

3~~2 ~/2.=t 3',o~ 1~lf.o3 
.2. s=ILr 34-,gt,. 

:H,~f ~92 >(.(.9 \~g:J:9 
)/6 y.~ 33,G( 

I I 

40 ,02. ltOl 2.2. 40J Il. 104=13 
2,41.5* 5'9'+ 4o(~2 

42) 12- 4-~o+ 42P9 .2.0902-
.),~~ ,+29 4~{o4 

45',":fJ. 46) 12. 4.5',92- 2..146 1 
3,~25" 55".9 68J 4-2. 

4'1122 4-~I°1. 4f'Z ). 1:tS'S'" 
2.,1- 2.94 ~Ilglr 

I 3,~ 
5;2.1'2, S2,52- 5"1,52 :z. 2069 

SIt,. 1'214- ,2.0 

J 

54-,32. Slr,=t2. 54/5"2.. 2 
Q. /4-0 136,98 

22.15' 

Table 7. Crack length measurements and crack growth 

rate calculations. 

Specimen P 632, Side 1-3. 

a"1 
c .... _') 

.to,S'f 

:u 15'2 

2.2l'i-l 

2.~g4 

:lit-,S! 

2b,36 

2.7/1-3 

2S,2S 

30,SI 

?>11~8 

33,23 

''',OS 

lb/~ 

3~,~1 

q.IJII 

44,01 
If 7j 2':f-

5"O/'S':f-

53,5.2. 



2024 T3 P = JO kN max 

02. alp 011-04 N 
(""'.,.,.) l ..... ~) -Z (IOl~C{.; 

)O,S; .20,55 ),0,55" ~<353 

,.2',25 ),1,5"0 1.13g n 2.6lf. 
I 

.22 10 .22,ltO 12,1-5' 12600 J 

.23.00 ,2400 
I 2~.5"0 13:tbf 

23,90 14/80 l.Lr 'bS 
I 

IlrS'G2 

llh:tD !l5'
1
80 1S 25 I 15"' I =1'5 

25,95 l=l,OS ).6:50 15~4't 

i=1/'r0 .1i,OO 2.=1--=10 
I 

16S6t,.. 

13~o 30~S 'bqog li4-'f.~ , I 

31)15 31
J
gO 31

J 4S ft'3l~ 

'!>!l,D0 ~.2,60 ~2 30 
I 

181~~ 

33,~ 34/f5 34-;Z,5' \8803 

36,2S' ~q.po !>6
j
b3 1~~03 

3i'J IS' 39/io ~,fii 1~8(,:f. 

4'l1S 42.,00 4//63 1°It::r3 

1;:' ::>0 • 4~5S 4-$ 2$ , 209-1.9 

46}0 4-6, ItO 4,.6,25 liltS' 

4'3,00 49,=to 1t~/o6' ~rS05 

5'1,80 5'3 '!IO , 'S'2.
I
'S'5" .2. I !f-S',-

:i ~l)'fi 5:(.,30 5'1-,2.8 .2:2.2.1S" 

R = 0,6 

do dN , dQ{; ......... 
(m ...... ) {Icl~df s ;;J'N1 'tf;:;t.;, 

0,~3 I~ II 0.3S" 

0/1::f. l~g· 
6,5"( 

.AIlS" \,,-:t- 10,41 

o 'IS 
I 

-=rSS" ~o,6~ 

O/~O 6"13 1 'r,a 
,J).'S :f69 "25 I 

.-112.0 620 19,35" 

').,~ 8gS '2.6,89 

.J,t,O 4 6 ft 50
J

I1-

.2.,2.2. l~ ~,~ 

1p5' 611 ?,3., S'S 

2. 2~ 
I 600 ?>f',OO 

),9S" 4.'+ V. ~>,92 

~O5' 62..6 ,. B,.:f2 

~ 6S' SOG 1-21'3 I 

0/3-=1- 1:'9 6S,=JIt 

3)10 ~i=t gO)IO 

3/20 .2.50 1'lfi',OO 

It,~3 4-60 ~OZ,:2 

Table 8. Crack length measurements and crack growth 

rate calculations. 

Specimen P 632, Side 2-4. 

Cb/it 
( .......... ) 

JOS:f. 
/ 

.tII'l2 

2.288 
I 

1;~3 
( 

J..~,fO 

25,':;8 

2+}IO 

.ugs , 
3O,Tf 

31/19 

~,33 

35(~ . 

~~'I 

40) II 

43, ~6 

~ ~, =I:;' 

4":1-80 
I 

,.o~, , 
)41~ 



2024 T3 

~a) 

'1/22 

8.)15 

lO/:f~ 

/1,53 

t~,94-

2.2) It,. 

t~) 1-6 

..2.',94-
26,6S 

2~,~2 

.2::{. ,Og 

34.'i4-

33," 

40 /12 

46,oij. 
8'&,92-

91,"i1it 

121,.,2.0 

i136,~8 

p ::: 10 k.N max 

d c,"",,) {(a) 

20)5.11 4,34 
:2 1,52- 4,,+i 

22,::t I +,52-

23glj. , it /61.. 

.2.'t,~2 4,1-2-

2.6,36 4,84-
'1.+,13 4,9lr 
1~,13 S)06 

30,91 5" )2.0 

~1,9i' S,?>O 

~~,2..3 5)40 

35pS ~,S6 

36,i'S S,=t-2 

3'8,~1 ~}~2. 

41) II b) ...42 

44,39 . 0,4-2-

4=1-,2.=!- G,eo 
So,S=!- 1, ').() 

53,5.:2. TJ'Lr 

R = 0,6 

~\<I 
(t'lN / rn3b.) 

'3,4R 

~,54 

",62-

~j:to 

3=1& , 
~pg 

3~' 
• 

4-,06 

4-111-

ir,2!S 
4-,?>3 

4,,,,6 
~,59 

4-,":/S" 

4-,~o. 

5)15" 

5, irS-

5,=t=t 

6,12.. 

2024 T3 p ::: 10 kN max 

dQ ~WlJ ~.~ d C'"" .... ) tea) 
'1'3?" .2. O,":f 4,'38' 

'lS'I 11,12. 1+ J itS' 

1°1::;'/ 2.2.
I
g'jJ 4,54-

1069 
I 

13,'3 it ,'3 

14,08 1.1t IS'O 4-,=1-

16,2S 1"5,'! ltl:f-el 

1~,35" 1=1) 10 4-,ff 

2o,tS 2.!,g9 5"1°4-
"O,l'f 30.=ti 6"}lg 

=f~,5:;' ~11'i~ S12~ 

1>3,5'5" 33,33 5J I+O 
;g,OO 35'14-9 5','0 
43/32- 3:f,bl 5"/fS 

41,=12 40 )11 ',0.2. 

:f:l,'3 4~146 6 J 3'1-

6'!J =tg 
t 4S 1':'1:'1 0,62-

80)[0 4:::r,iO 6/:t8 

I 'lgj 00 5'°lgS' ;f,30 

102. ,g'2. '4/!l1.. . :f:i6 

Stress intensity factor calculations. 

Specimen 632. 

Table 9. Side 1-3. Table 10. Side 2-4. 

R ::: 0,6 

~K,r 
(MNlrn3k.) 

~ 5A 
I 

),5::f-

;,'1; 

a,~1 

3,=r=1-

~,ii'4 

~/~I 

4Pft. 

4-,15 

4/'lJr 
4,';3 

4/.;$ 

4-,64-

4,"82 

5") 1\ 

5",31 

S,lt3 . 

5,tS' 

6;?>O 



2024 T3 P .. 10 kN 
max R .. 0,6 

0 4 a~ CM+al N do dN dQ{;n~ 
(_W\) (I'n~) Z- {IO~':jc:l.J (\"'t\n"I) {\('l' Gl.{d f$ ClNi ~ 

0.,/3 
l ..... "....) 

.11,05 lO,50 ).OjH :(-6),6 

.1J 60 .:11,25' ..21)41 g361' 
0,65 1-~ I 8,1+ )., >'0 

I 

).l/~O 2.1,45 J 1,6:t 8621 
0,2.S' 254- 9

1
g!+- 21,55 

.22,35 .21~S 22. I, 9190 
0)4-8 5"6:3 g,35 21,<34 

I ) 

24) 10 23::(,,0 
A,:fS" 118'6 '3 ~o 23,02 

.23,'30 lO<O:tb 
I 

, 

24/~' .24,40 2L,./;1-
O,":I-::t 60l 1'l,fS+ 24-,29 

115;8 

.25/;5 25po .2532. 12.00~ 
O,6S" 430 !5

J
Il 2. '5',00 

, 
:1+05 26

t
65 2635 12.'351 

),53 94-3 ,.fb)):"!- .26/09 
, , 

2+,~5 .2+ +0 21- 82. 1?,,592. 
0/9'1- 641 A5i ll 2+,34 

I '. 

2"3,45 1900 2-512 14156 
..{ ,4-0 564 2~,g1. z.g,S2. 

, I 

:'1,35 3 1)0 ~1,22 
1 DO '31'1- .21,b'1 30,2.2 

[50:;:3 
, 

32'35 32,60 31,+1 
J,55 5""11 :.O,~?> 32,00 

, 15584-

34,50 34 20 ' 34,'35 I bOI~ 
),5"8 lt 3 lt 3 6,29 3356 

I ' 

I 

36,30 35,90; 36)10 1646:t 
A,:f5 44'3 38/31- 35,2.2-

%',20 3:f/'l0 31?,DO 16'34-2. 
),90 ,+15 40 ,00 310S" 

t 

4000 .39,'i?O 3'j 50 1:t315 
A,90 313 50,'33 3i;'5S 

, , 

4-4) to 4-31
50 43,I?o l1-go3 

3~ 4-l?g 19,'32 4 1
1fS , 

4-6)15 45/fo 4.5,92. I \fo 31-
.2.) 12- 234- 00/8 1 Lr Lt/i6 

SO/50 4~,80 50) IS" A'i?46'6 
4,23 4-31 '?l'i? 103 4-f,0q. 

53,00 53J40 53.20 iU44 
\0S" :216 .AA 0,5-1 )1/6+ 

an crack growth Table 11. Crack length measurements d 

rate calculations. 

Specimen P 633, Side 1-3. 



2024 T3 P = 10 kN max R = 0,6 

Q2, alf. ctt.TQ4 N do dN , dQtl"l1""l 
(-.... ) (M,",,) -r {to~coclJ (m ...... ) (I()~~d ,,~~ 
20,50 .2.0,30 :1.0),+0 f626 

,2A,OO ;2.1,00 11,00 83~O 
0,60 +°Lr 8,52 

..24,2.3 ./1.1,20 11).2.5 86.21 
°12S 2'3..1 &',5'3 

,21,20 21)65 11 '53 92/6 
0,68 5'9S .l~,4-3 

I 

.23) IS ..23,.20 23)8 I olt 68 
.A t 2.5 )252 5,e.g 

2./r)it-5 ..2.4,65 lit/55 J15:f.e 
),3-=1- )A ..10 ,12.,34 

15/35 .25,30 . .25133 12044-
o/=?8 466 16,~4 

.26)40 :16)4-5 .2.6,4-3 12.90R 
)/)0 "564 12,:r3 

11/'1-5 21-1-0 11,+3 
),30 i-2.A 1~IC3 

, 13629 

.2.8,~S .2.<;3,00 ).i',gg '4 /56 
),2S 5"2."".f. 23?2. 

3-1,10 31
J 

10 ?Y\JA5 150 12. 
J../,f 85'6 .25,35 

33)10 33)00 ,3 as- 155'il£r 
.A 190 s12.. 33,22. 

, 
JI;.,'8S 34,10 34,1-8 16051 

),+3 46 1 3+,04-

36)4-0 36,30 36,35 164-33 
A/5+ 3'i?2. 411

09 

384-0 38,50 38,45 
:l 10 5'0~ 41/2.6' 

J 1694-'2-
} 

40 ,15 4°1=;0 4-0 ,-:;3 1~36+ 
}..12$ 'r 25 53,65" 

44/,5 43/'80 Lr't,08 1+~O3 
3?5 Lr36 1-6,'83 

/ 

45 ,55 45,1-0 45/i.3 IgO~5 
),15 2.=12- 64,34-

1;.9,60 4~/tO 4- 9,65 If468 
,,<g2. 3'03 ~ 1-,2.0 

5"1,55 52,50 5"2/53 Ig~4Lt 
2.

1
68 J. =!-6 :rt)O 

Table 12. Crack length measurements and crack growth 

rate calculations. 

Specimen P 633, Side 2-4. 

a~l,!. 
( .......... J 

2.° I :fO 

),1
1
13 

21 5'3 
) 

22/56 

2.3~+ 
I 

24,'31t 

2.5,'616 

1+,08 

2.~,36 

3001-, 
3:1.10 

) 

;'3192. 

35,51-

?It-, ItO 
3~,59 

4-244 
/ 

44-,96 

41-,t4-
5103 

) 



2024 T3 P = 10 kN 
max R = 0,6 2024 T3 P = 10 kN max R = 0,6 

dQ~~) Cl tea,) .6. k:r a;;~ cM .... ) 
(M N / rr.3k.) 

dQ~) Cl(iIn .... ) i(I:;1') .6.~ ~. (MN/rn3k.) 

8,=1:;' 11) 10 4,og 3,5 -1 3.,52. 10,=to 4,36 3(lrS 

'3,8~ 21,£5' 4,41. 3,5~ 8'[59 ),1) 13 4,3S 3,52 

~,3, 11,9Jj 4,4 6 3/5:t- /(-1,4-3 ;2.1,59 4,4-'2. 3,54-

:},~O 1302, 4,56 365 , I 
'9 ~g 22.,56 4-,5'-1 .5,,6,f , 

IIl:f. 14,2.'3 4,66 3,B )2.,3lt 23 ~+ 
I 

4(62 3/'=10 

1'5,12. 1.500 4/=1-1 
.. 

31-8 
I I 

)6/1-4- 1.4.1 Sir 4/fl 3?+ 
A6,r=t 260';3 1t/80 3/15 , )2/=!-3 2.5,gg 4/1-'3 : 3,84-

)52-4 
• .2.+,~4- 4,90 .s:~s- .,18,03 J.+,08 ir,'i'i .3, :ll 

14,'il 2.g51 
I 'S/oo !.r,OA 13 =12 , 1.8,36 4,99 4{oO 

2r,8A 30 (22. 5)1S" 4/3 15,35" ;0,0+ 5") I!! 4) II 

30,33 32.00 
( 5,30 't,25 3322 , 32.;10 5,30 4,25 

3629 , :B,56 'S,lt 2 4,34 :3 +,04- .33/32 5",4- 6 4(g9 

3g,S::f 35,22 5",5'8 4,41- £,,11°9 3S,S=t 5,60 4/t 9 . 

4opo 3105 . 5', +!t 4,60 , .4-',26 3'1)tO 5,+6. 4-.,62. 

50(93 3"1,95 5 ~1. 
I 4,1-4- 53,65 3s,59 5,'0."1- . .4-,=re 

'fS 92. 
I 4 1,3S 6' ,2.0 4/3t 1--,6,83 42,4-.1 6(2.6. .5p2 

90,81 4- 4-,36 .6 5' 2. , 5',2?> . 64,SIf- ~4-,96 6,52. 5",23 

~~\o3 48,04- 6,2g 5;51 9:t-,2.0 ~ -:f-,1~ 6t~4 ,51 4-f 

)".(O,5l 5'1,61- +,3g 5,91 :91-) 10 SA,09 1-,16 5,:f4 

Stress intensity factor calculations. 

Specimen P 633. 

Table 13. Side 1-3. Table 14. Side 2-4. 



2024 T3 P = 6 kN max R = 0,6 

alA ) a~ , <M-t-a~ { ~ " da chJ. 3NC'" ~ ct'I'" 
...... "" (m_) Z- IO·COc\U (m ...... ) (10% ~dft ~ (:. :....) 

:2014-5 201~5 2.0?O 54-=13 

;:lt 130 .2.1 165 1',41-16.55 

:1.2.05 12,50 '1..2.{H 9S66 

:z.'105 

2. ~/'51) 

2. -S:85 

2+,35 

2+'65 , 

131S 
J 

2 ,,[0 )25":'f=t 

1'15+ A4 0 32. 

1 'g,'85 19,95" 1890 .265':;'2 
! 

1~,55" 2~:5S- 1~IS5" 18 37:9 
O,6S'" 

31,05 3\115 31)15' 315".25 ../,60 

32.,~5 ;'2/-=1-5' 32
1
60 34-369 4,4.

5 

~5)IO 35)15 ;5")11 

3',4-5 3"'/35 36
1
LrO 

3,'5"5 ),,1 09 , 
3/+6 .2.1 ~=F-, 

2. bil 

1,+5S" 

5"590 

346 g 

1264-

22.1~ 

.,,180=1-

31S0 

).S'4° 

5"0'34-

2'85\ 

2~91 

21;4 

.A~C2 

4,1'B 

4,+5' 

3{'iSS 

3,'0 

SlOg 

5>-4,,( 

S;oA 

4,~ .1-

1),6g 

5',39 

~,"f3 

2<393 5"/33 

?> 305' 1-, tr I 

22,69 

23,34 

14,:f.5 

26,12. 

2. +,-:t5 

2'1, lr"f 

1 '?,22. 

30
1
3S 

3 1, <?+ 
33,&'6 

;5,f.b 

?>,+/o"f 

381'32 

3<3,35 

4.0/69 

4-2,80 

Table 15. Crack length measurements and crack growth 

rate calculations. 

Specimen P 635, Side 1-3. 



2024 T3 P = 6 kN max 
R = 0,6 

Q!2,. a~ a,.-raz. N dQ dN j~(~~ 
(-""') ( .......... ) Z-- (rO\jdJ (n"' .... ) (\1::,% "-I (; I e, '!:f(;j 

),0,13 2.0;:':' ;l..°12.~ 5510 
O,gO 21 It- 3 =t~ , 

..21 0:' .2 1)13 .2.\ og ::f62'f , I O,:t3 
2.1,::13 .2188 :u $4 9966 

23~~ :)/°4 
, I 

,2223 .22.,':13 12 Sg )26.(4-
0,7=t- 2648 2,~1I 

I I 

..21. '33 ..23,33 23 \3 
0,55 J~g2 3 S/? 

J~9'36 
I 

I I 

25,53 15,43 25}4 g J9652. 
2,35 5"656 it> \S" 

161~g 2+,13 .21 OA .23062. 
-1,53 34 '0 4,45 

J 

1+2'8 1+ 43 :2.f36 2~38~ 
0,35 1321= .2./:./r 

I I • 
.2 'if; l'if .28,2.3 2.i 2." 16536 

0,'85 214-1- 3,96 
, 

, 25/3 29,23 1S I~ 2Z:~2.Z. 
0/37- Igg6 14-

I 

3Oif9 ;O(G3 3011 31562. 
..1,53 '3 f/~.o 4 r'8=(' 

( 

3.2 Dli' 31 '33 32. 01 34335 
),30 2+13 4-,69 

I 
, I 

34163 34-,13 34,bl? 3'3434 
.2./,i- 5095 5/24 

36,23 36,53 ~6,3R 4221'1 
.4 :to 21'i?3 6)1 , 

3:f'8€ 3i,33 "'8 ~ A 446'g4 
),1-3 24 61- +,01 

, I 

3<:),42 3'3/33 3'3 itA 1;6f42 
),60 2~S'i? -:f.,-:n· 

I 

4',0'8 41
t53 4 f,~1 ~'iH2Z. 

..1,60 A9~O 2r, 0 ~ 

4L,)J8 44,53 4lr, -;6' 
'3 oS' 2~1+ 10 46 

51639 
/ I 

4f ,Sg 41~& Lrt,1-3 55062. 
3}31 3423 ~,R5 

I 

5"), 13 52)i3 '522g '5f8r-3 
4,55"' .1<6'11 Jel'S 

) , 
54,63 5163 5"6)13 S'i?54l? 

3,g5 615 51,04 
I 

Table 16. Crack length measurements and crack growth 

rate calculations. 

Specimen P 635, Side 2-4. 

02./4 
( ......... ) 

20,&8 

2.'1 4.5' 

22,20 

2. 2. 'i?6 
I 

24,31 

26,25" 

.2+,/9 

21 ::f'3 
I 

2'8,fO 

29 '35 
( 

31,36 

33,35" 

35,53 

31;2.6 

?>'i?, ~ 1 

4°/SI 

4 2./~4 

46,05 

5"0{0/ 

Sl;.I2.1 



2024 T3 P = 6 kN max R = 0,6 2024 T3 P = 6 RN max R = 0,6 

do ~W\J ct lea) t:.kI 
~~ (M""',,) (MNfm34) 

do ~W\) ct tCa) t:. K:r 
~~ (M ..... ") (MN/m34) 

3~f ;1.010 4,~6 1,10 
I I 

3,~'3 lOI2.~ 4,32 2. og 
I 

~~I ,111~:f 4,4-2- 2) 12-
I 

353 .2.1 D~ 4,38 1) I • , 
?,SI 22/1- 4-,4-8 .2. 15 

J 

'36+ 
I 

2.1
1
'Z1 4,4-6 .2,IL;. 

3'£15' 2';10 4.56 2J9 , . I 
3 :t-I 2.2IS~ 4-,51 2.F1-I 

/ 

3\?9 2~ S=t- 4-,60 ,2. 2-1 
I I 

I 

396 .1.600 4,'60 .2.,3~ 
I t 

31=f 23)13 4,56 2,19 I 

4,'33 2511r~ 4;1-6 2/29 

41
D3 2+ 45' 4/ 92- 23:t , I 

L;.,~2 2+01 !r t
gg .2135 

/ 

4) II 2.gOS . 4196 .2.38 
! 

41 4'+ 2~36 4,90 236 
I I 

4,.2.1 .2.8(90 5,02- .1 4-4 , ~15lr .282.1 4('::)8 .2.
1
39 

t 

4/l..K 2.<':>5S 51°8 1,44-
I 

4/;0 .2.~,lg 5,06 1,4-3 

4,52 31)15' 5,2.2 :z 5A 
I 

4-?2. 30 ::rl 5)18 2,4-9 I 

4,+1 3260 5,34- 2S'+-
I , 4/30 3201 5,30 2.,55 I 

S:26 35)12 5,56 2 6"1-
( 

5,3! 36,4-lt '168 .2,=1-3 

5,61 '?>4/ bK 5",52- 2,6S 

6,31 36/'3'i? 0,68 .2,+3 

5,4-9 3+15" 5;gO 2,=t3 , :+,1 b 3~ \I 5,'82- 2,go 
J 

6.olt 3&',5 S;SO 2 1S5 
I 

'+ <36 3'3(=!-1 5, <:'8 2,&g , 
~'::)g 39

1
8' 6 Olf 1,8':=' / 

6,4-+ 4.1
1
5 ::;:. 6;,~6 2

1
96 

3
1 
'52 4- 1,31 6/otr 2, :;0 

)005" 4-'-h 36 6,4-6 3 4A 
I ) 

~ S5" 4ir l
O1 6, 1.r2. 309 

I 1 

13,Sg 4-+:;3 6)36 3/30 , 

281'5'3 ~~)I2. 1-00 '33i-
I 1 

2.3/11 52 2~ +,4- 6 3,5"5 , 
6500 

1 52 10 
) 

"·t)-t2. 5,5f-

Stress intensity factor calculations. 

Specimen P 635.· 

Table 17. Side 1-3. Table 18. Side 2-4. 



Crack opening variation versus crack length calculations. 

2024 T3 P = 10 kN max R = 0,6 

, 

0" AS. q?, 
Q4(W\I"I'\) . 

0.+a2 Q2.to~ 20 Dhc.s;", "D.",,,,,,} AV(..,.m) 
(M",) (""' ..... ) (W\ .... ) .2- '2- (¥¥\,v) (.,.."v 

2D )28 20 )00 2..0)48 2£>10'1 .20) 3l? 2op4 ~DJ~2 ;- g 6~ -t ~:f.2. 0,106 

.2.4 )11. 2.~, 36 14) 52. 24 15 2.. 14,32. 2i+,~4 4 'K/:t6 "",lS'.::t::r l' Si S" 0,2.16 

2?) 4 2.g )04 28):f-2. 2'&)60 2i)56 2g}32 5688' 
) 

t" U2. 1"" 'O~lt 0,2.3 

34) 96 32.)60 32)4f ,-;) 24 3.2,12 3292-
I 65) l/r ;-lf3 T IO()~ 0,2.52-

36,0.2. 31/;~ 36}44 31):;'2. ~6)2'?> 3168 , 1-3,54 + 8:'4- -r~o o,2~2 

40) !5" 41,'0 40) 1r0 43)00 4D)2.'t itt,go 83!0-=t t-€!to -t~9T O,2~ 

44-,1-5 41(90 ~5" 49}1.0 4-4/g=r- ¥,o'S .9.2. 9.2. Tr~6 ;-10(6 o ,'tit,. 

t 4~ i'" 'f 5"1)15 49 '--1 )10 41) 5q. 51)l.K 100,05" + 1S'si- -+ (O~S °13.S6 

Table 19. Specimen P 631. 

0 .. AS. q?, 
Q4(W\",,) 

0.+a2 Q2. to"" 20 'Dhe.s;--- "D • ....I{) AV(I\'\m) 1m .... ) ( .......... ) (W\ ..... ) .2- '2- (¥¥\,v) [.,.." " 
:2 0 ,02 20,5"5 10,OT 20, '5'5" 20,04 2. 0,5'5 40 ,'5"9 _31'?> _2.0S- 0,'216 

13, S:t- .2 3,90 14-,+2. 24, fO 2. 4,34- "1.lh 35" 4-~6~ ·_010 -1:39 0,2.2.2 

2:::f,~':/- l.+,lrO lS,52- fLioo 
I 

2.'i? ,'2..~ t.'::{. !:f-o , - 55/34 -318 - 1<3-:;' 0,24-2 

31}12 l.2.,OO .32.,&1 .32/60 .32,3:t- 32/30 64-)6 ':f. -303 _16.:3 O,US 

35j92- :!>6,2-S 3b/l:r 3':f,oo 3'",0.3 36/63 f2.jr2 -308 -ITO 0,2.-=tb 
4- 0 ,0 2- 4.,,1,25"" 4 0 ,2.2- 4-2./00 40).,12 4-',63 8'l' -313 _lb2- 0,'302-
4 3,32- 4-6) (0 lr 2.,4--2. If. 6, q..O 4- 2/'1- 4-6,2..5"' 89} 2- -312. -149 0,:'26 

48','2..'2- J-f /10 4-~(02- 5"3,30 4&, (; 2- 52,55" 101 i +- -306 _11.0 O(3=t2 
54,32. 5"1-,1..') ')4. :f..2.. 57-,30 5'4-,5"2- 57-,2..15 I ( , ,80 -310 _08'9 q4-'t2.. 

Table 20. Specimen P 632. 

0 .. AS. q?, Q4 0.+a2 Q2.tO!;t 20 'Dhc.s;--- "D • ....I() A V (1\'\ fI'I) 
lM ..... ) c. ........ ) (W\ .... ) (W\M) .2- '2- (¥¥\'v) L.,.."v 

,-
!U,05' 20/50 ..2.0,50 ..2 0 ,30 )..0 -:f::f5 .20,4-0 4-1 J 1:t5 ..,..~31 + S?lO 0,1 g,g 

I 

.2.4,95 24-,ItS 2t,. ·0 A 1~,65" 14,6::f5 '2.4,55" 4<3
f
225 +g33 + '339 o,~12 

~ ~ 4.5 _ 1og,'35' ..2Soo 1'300 2.'3,225 ,zg ,'jiS 'S"g ,2.0 ;-8'31 ;-~4S o ,l;.g 
I / 

, 
32,'35 33,10 ~2,bO 3300 

I 
32,::r:t-5 33 oS" 

f 
65,825 +833 ,..955 O,24-lr 

3'iS,10 3 S,4.C> 3~'&0 3g,so -;800 3~, 4.5 1-6,1;.5' +S'33 ..,..~65 ?12"1-l 
t 

44 [0 
I 44,35' 43

1S"O 43,80 it ~lgO 44,01S 8 f. gi-5" 
I 

"t '63S"' "t'3g'9 0,308 

51,50 4960 
I 4-'3/80 . 4-(:VO 5:0)65 1;.'1165 ,10° 130 't"Z3-:t- +10[6 0,358' 

5300 5).,55 53J~0 5320 52/525' +1033 OJ:,S6 l 
51,50 lO'ii",1-25" ..--g4.o t 

Table 21. Specimen P 633. 



Table 22. 
da Equation coefficients of the curves -- = f (~K) and values of dn 

m in the Paris equation. 
da Equation: Log ~K - ex Log dn = C 

da = A (~K)m 
dn 

1 
-+ m =-ex 

Specimen Side CI. number 

P 631 1.3 0, 1707 

2.4 0, 1969 

P 632 1.3 0,1951 

2.4 0,1876 

P 633 1.3 0,1787 

2.4 0,1875 

C f 

0,41 0,98 

0,37 0,97 

0,35 0,98 

0,37 0,96 

0,37 0,98 

0,36 0,98 

f LS the correlation coefficient of the curve. 

m 

5,86 

5,08 

5,12 

5,33 

5,59 

5,33 



Material Fe 510, Serie liL 

Constant amplitude R = -1. 

Specimen p (KN) 2 
S a (N/mm ) a no. 

P 598 30 250,0 
p 592 28 233,3 

P 595 30 250,0 

P 607 28 233,3 

P 593 30 250,0 

P 591 32 266,7 

P 594 30 250,0 

P 596 32 266,7 

P 603 34 283,3 

P 604 32 266,7 

P 605 30 250,0 

P 597 32 266,7 

(parallel to the rolling direction) 

Machine f (Hz) N t (oC) Remarks 

S 33 787.380 27 
.... 

MTS 30 > 10.265.000 36 

MTS 30 3.627.000 34 

S 33 >11.437.110 

S 33 >.7.785.600 28 ') Staircase 

S 33 1.387.490 26 Method 

MTS 30 > I 0. 100. 800 

S 33 > 5.548.050 29 

MTS 20 221.560 28 

S 33 164.070 32 

J S 33 > 1 1 .228.300 25 

S 33 845.240 27 -------- f------- 1----------- --------- ----- ------------- ------------------------
P 601 36 300,0 MTS 6-8 57.420 34 

P 606 38 316,7 MTS 4-£ 38.900 60 

P 602 40 333,3 MTS 4-3 8.020 66 

P 609 34 283,3 MTS 18 505.900 26 

P 608 36 300,0 MTS 6-8 46.840 39 Overload plas-
P 605 38 316.7 MTS 6 - - tic strain. 

P 600 34 283,3 MTS 14 85.360 first in Schem 
160 oC then MT~ 

p 596 40 333,3 MIS 3 21.860 36 (J) 

P 593 38 316,7 MTS 6-4 16.390 77 ( I) 

P 594 38 316,7 MTS 4 45.740 32 (1) 

p 592 36 300,0 MTS 7 84.730 36 (1) 

p 607 36 300,0 MTS 7 65.780 (1) 

--
(I) has been first used in the staircase method and was a run-out. 

Table 23. results of fatigue tests on plain steel specimens. 



Material Fe 510 Serie HD (square to the rolling direction} 

Constant amplitude, R = -1 

Speci-
t(oC) men P a , S . N Freq. Machine a 

num- (l<N). (N/mm~ ber 

P611 30 ~50,O > 7.593.630 33 S -
., ,. 

P 616 32 266,1 753.100 18 MTS 27 

P 629 30 250,0 742.220 33 S -
P 612 28 233,3 > 5.969.490 33 ·s 29 

P 610 30 250,0 1.619.540 33 S 35 

P 615 28 233,3 >10.580.000 33 S 33 

P 617 30 250,0 > 11 • 247.400 30. S -
P 620 32 266,7 730.300 20 MTS -
P 621 30 250,0 338.300 33 S 37 

P 613 28 233,3 > 10.526.330 33 S 29 

. -------------- --------- '-----------------i--------

P 617 38 316,7 20,.560 5 MTS 31 

P 622 34 283,3 150.900 20 MTS 49 

P 619 40 .333,3 19.310 3 MTS 29 

P 624 32 266,7 468.500 20 MrS . 25 

P 618 36 300,0 25.130 4 MTS 57 

P 627 36 300,0.. 45.080. 5 MTS' 46 

P 628 34 283,3 105.70.0. 20 MTS 46 

P 626 38 316,7 13.840 4 MTS 46 . 
P 614 32 266,7 128.60.0 25 MTS 62 ... . 
P 623 34 283.3 195. ) 00 20 MrS SO 

P 625 32 266,7 729.700 20 MTS 36 

P 612 34 283,3 170.200. 20 MrS 39 

P 615 36 300;0 42.370 5· MrS 39 

P 613 34 283,3 473.50p 20 MTS' 29 

P 611 36 300,0 166.500 5 MTS 22 

x run out of the staircase method. 

Table 24. results of fatigue tests on plain steel specimens. 

Remarks 

Staircase 

method 

----------------

first in S£HEN CK, 

MTS 100 °c .... 

:It: 

x 

:It: 

x 



Fe 510 Serie Hl (parallel to the rolling direction} 

oa 

[N1IIJl-~ 
CONII"I ""'<""1 - ~ ~ <""I -4' 11"1 ,.... 
0\ 0\ ~ 0 0\ ~~. ~ 0 0 

f~ 11"1 11"1 \0 11"1 -.0 -.0 
Q. Q. Q. Q. Q. Q.i=l-<~ Q. Q. 

283,3 x 
266.7 x 0 x x 
250.0 x x 0 0 0 

233.3 0 0 . 

SF - Si_O + ';S (~~:i ! t) - 255,5 Nmm-
2 

(~ when calculated with not broken; - when broken) 

s ... rEm,.Li2~.-(Eim.)2 1 
1. 1. l. 

1,62.AS 2 + 0,03 ... 
(Emi ) 

-2' 
Ntmll 

i 

3 
2 

1 
0 

I 

The results that happen before the first pair of different events 
should not be used in the method. 

- The calculation of Sf is based on the event (x or 0) that happens 
the less number of tl.mes. 

1. _ level number, i ... 0 at the lowest 
level at which the event that 
happened the least often happens. 

m. ... the number of times the chosen 
1. event happens at the level i. 

S .... 0 ... the stress level at i ... O. 
l. 

AS ... stress step size. 

x - broken specimen 

m. im. 
1. 1. 

1 2 
3 3 
2 0 

6 5 

o ... runout 

S ... standard deviation 

Table 25: Staircase method 

calculations and res.ul ts. 

SF ... fatig~ level at 50% prob~bility. 

.2 
1 m. 

1. 

4 
3 
0 

7 



Fe 510 Sede HD (square to the rolling direction) 

°a - \Q Q'I N 0 11'1 ,... o- M i - - - - - - -[NDIIl-2] N 

f~ m. \Q \Q \Q \Q \Q \Q \Q \Q 

c.. f;l.o c.. c.. c.. c.. c.. 

283 3 
266.7 x x 
250.0 0 x K 0 x 
233.3 0 0 

S = S. + AS (rimi + 1) = 
F laO Em. - 2 

1. 

c.. 

(j 

248 -2 Nmm 

(+ when calculated with not broken; - when,broken) 

s = f
Emi.Ei2mi-<umi)2 . 1 -2 

1,62 AS 2 + 0,03 = ==7::,3==NDlm=== 
(Emi) 

2 
1 

0 

r 

The results that happen before the first pair of different events 
should not be used in the method. 

- The calculation of SF is based on the event (x or OJ that happens 
the less number of tlmes. 

i-level number, i = 0 at the lowest 
level at which the event that 
happened the least often qappens. 

m. = the number of times the chosen 
1. 

event happens at the level i. 

S. = 0 = the stress level at i = O. 
1. 

1 

2 
3 

5 

im. 
1 

2 
0 

2 

AS a stress step size. 
Table 26: Staircase method 

x • broken specimen calculation and results. 

o = runout 

S = standard deviation 

SF ~ fatigue level at 50% probability. 

.2 
1 mi 

2 
0 

2 



Number of Heat 
specimens input 

7K.J 
7 16 V, 150 A 

0,34 em/sec 

10 KJ 
6 16 V, 150 A 

0,24 em/sec 

14 KJ 
7' 16 V, 150 A 

0,17 em/sec 

Each side had I pass. No preheating. 

Table 27 TIG-dressing procedure. 



Specimen Sa P N 0' meas~red 2,42 x S 
(N/mm2) 

a 
(N/mm2) a no. (KN) a(N/mm ) 

N 557 74 40,33 1.125.560 0'1 = 144 179,08 

0'2 :: 149 

N 562 60 32,6 9.979.600 0'1 = 135,45 145,2 

0'2 = 148,7 

N 562 100 54,36 319.280 242 

N 563 67 36,18 11.336.740 at :: 153,3 162, 14 

0'2 :: J 39,8 

N 563 120 64,8 105.890 290,4 

N 548 74 40,33 1.366.700 0'1 :: 174,3 179,08 

0'2 :: 174,3 

N 547 100 54,36 186.770 0'1 = 218,4 242 

0'2 = 239,4 

N 555 67 36,18 2. 154.380 0'1 = 165,9 

'I 0'2 = 153,3 

(l)already used at a lower level 
.oE-- 1 

Table.28 Welded lap joints TIG-dressed 10 KJ/cm. 

Results of c.a. fatigue tests at R = -1. 

, 

Remarks 

( 1 ) 

(1) 



Specimen S P N (J measured (J calculated a a a 
2 

a 
CN/mm2) no. (N/mm ) 

N556 74 40,33 5.019.200 (JI=155,4 179,08 (1) 

(JZ=132,3 

N549 87 46,98 347.920 (J 1=201,6 210,54 

(J2=182,7 

N551 100 54,36 110.890 (J]=239,4 242 

(J2=2I4,2 

N568 80,5 43,5 260.620 0"}=186,9 (J1_2=194,81 

0"2=189,42 

(J = 
3 

33,60 

(J4= 36,96 

N554 74 40,33 203.700 (Jl=180,6 0"1_2=179,08 

(J2=172,2 0"3_4= 37 

(J3- 31,08 

0" = 21 4 

(1) root crack 

3 ) ( 1 

2 ...;(:--- 4 

Table 29. Welded lap joints TIG-dressed 14 KJ/cm. 

Results of c.a. fatigue tests.at R=-l. 



Specimen S P N cr measu2ed ° calcu~ated a a a(N/mm ) a(N/mm ) 
no. 

N564 74 40,33 4.310.220 01=02=155,4 179,08 ( 1) 

N565 87 46,98 603.470 01=174,3 210,54 

Oz 142,8 

N561 100 54,36 830.460 01= 243,6 242 

Oz =226,8 

N'506 . 80,5 43,5 571.910 01=186,9 Ol-z=194,81 

Oz 180,6 

03=32,76 

o'f=33,6 

NS67 74 40,33 >10.594.250 01=176,4 01-2=179,08 

02=172,2 o3-I.j.=37 

03=46,2 

ol.j.=42 

N567 87 46,98 546.650 01=191,52 01-2=210,54 

02=190,26 03-4=43,5 

03=04=47,04 

(1) root crack 

<E---l 

2 ---I)'" "'0lIl\1:---4 

Table 30. Welded lap joints TIG-dressed 7KJ/cm 

Results of c.a. fatigue tests at R=-I. 



heat Specimen Srms P rms Smax Fmax F N 

input no N/mm2 N N/mm2 N Hz 

N560 40 21.600 210,4 113.616 20 1.245.400 
7Kj/cm 

N569 30 16.200 157,8 85.212 25 >2.736.700 X) 

------- -------_. 1-------~------- ------- -------- j..---1------------
N559 40 21.600 210,4 113.616 20 395.900 

14Kj/cm 
N558 30 16.200 157,8 85.212 25 7.997.700 

X) Crack outside of the weld toe 

Table 31 Random amplitude tests results. R = -1, Q = 5,26, J = 0,994 
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Fig. 1. Dimensions of the crack growth specimen. 
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Rolling direction in serie HD (J) 

)0 

o 
10 
C\I 

20 

Rolling direction in 

the serie HL (1) 

Plate thickness: 6 

Fig.IS: Dimensions of the plain steel specimens. 

(1) As indicated by the fabricant. 
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Figure 16: Endurance of plain steel specimens. Serie HL. 
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Figure 17: Endurance of plain steel specimens. Serie RD. 
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Figure 3J: Endurance of as-welded specimens in random amplitude loading. 

Results of tests done with TIG-dressed specimens. 

~ 7 KJ/cro heat input TIG-dressed specimens. 

~ 14 KJ/cro heat input TIG-dressed specimens. 



Welded and TIG-dressed specimen. G % 1/3 

Toe crack, following regularly the TIG-dressed line. G = xl,2 

Root crack, appearing in the middle of the welded zone. G = xl,2 



a} 

bl 
Crack surface of the plain steel specimens. 
a) serie HL b) serie HD 

The HL specimens have a flat crack surface, and the 
HD ones show important shear 1ips. 



a) 

c) 

b) 

a) plain steel specimen G = 1/3. 

b) plain steel specimen in the 
grip of the SCHENCK resonance 
fatigue machine. 

c) general view of the SCHENCK 
fatigue machine. 



Rubber repllcas from the TIG-dressed zones showing the details 
and the di fferent s; zes of the zones, accordi ng to the di fferent 
heat inputs. G ~ xl 

A T!G-dressed specimen crack surface, showing initiation pOints 
along the TIG-dressed side. G = xl,2 



Aluminium specinen for fatigue crack-growth testing 
in the grips of the 10 HFP resonance machine. 

Fatigue crack in the aluminium specimen. The grating 
allows direct measurement of the cracktip position. G = x2 



Welded and TIG-dressed specimen. G % 1/3 

Toe crack, following regularly the TIG-dressed line. G = xl,2 

Root crack, appearing in the middle of the TIG-dressed zone. G = xl,2 



Welded and TIG-dressed specimen. G % 1/3 

Toe crack, following regularly the TIG-dressed line. G = xl,2 

.'-' . 

Root crack, appearing in the middle of the TIG-dressed zone. G = xl,2 



Welded and TIG-dressed specimen. G % 1/3 

. 
Toe crack, following regularly the TIG-dressed line. G = xl,2 

Root crack, appearing in the middle of the TIG-dressed zone. G = xl,2 



Welded and TLG-dressed specimen. G % 1/3 

Toe crack, following regularly the TIG-dressed line. G = xl,2 

Root crack. appearing in tne middle of the welded zane. G = xl.2 



• ., j.' .. " .. ; 
J; ,t" : .. 

a) b) 

a) plain steel specimen G = 1/3. 

b) plain steel specimen in the 
grip of the SCHENCK resonance 
fati gue machine. 

c) general view of the SCHENCK 
fatigue machine. 

c) 



Welded and Tr"G-dressed specimen. G % 1/3 

Toe crack, following regularly the TIG-dressed line. G = xl,2 

Root crack, appearing in the middle of the welded zone. G = xI,2 
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