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SUMMARY

If fasteners are subjected to fatigue relevant cyclic loads, their fatigue re-
sistance must be verified according to the provisions of EN1992-4 or according
to fib Bulletin 58. In practice, the operational stresses/loads vary in their sequence,
amplitude and frequency. Although it is a generally accepted concept to verify the
fatigue life of fasteners using the Miner’s Rule in case of block loading scenario,
no programme loading tests are available in the literature for fasteners. In this
experimental study, constant amplitude and non-constant amplitude fatigue tests
were executed on cast-in steel headed studs. The constant amplitude tests were
carried out using different relative maximum loads. The programme loading tests
were performed using three different block loading scenarios, namely with step-
wise increasing, stepwise decreasing and increasing-decreasing-increasing suc-
cessive loading blocks. Based on the available experimental data from the con-
stant amplitude tests, the Wohler-curve (S-N curve) was derived as a result of
linear regression, and the secondary cyclic creep - log N curve was also evaluated.
To verify the assumption of the linear damage accumulation in the different pro-
gramme loading scenarios, the Miner’s sums were evaluated based on the S-N
curves as well as based on the secondary creep rates. The evaluation of the exper-
imental data shows the general safety of the use of the Miner’s Rule in case of
concrete cone failure of fasteners. This agrees well with the findings in the litera-
ture for fatigue loaded plain concrete.

ZUSAMMENFASSUNG

Wird eine Befestigung nicht ruhender Beanspruchung ausgesetzt, so miissen
die erforderlichen Ermudungsnachweise nach EN1992-4 oder nach fib Bulletin
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58 geflihrt werden. In der Praxis variieren die Betriebslasten hinsichtlich ihrer
Reihenfolge, Amplitude und Frequenz. Bei bekanntem Lastkollektiv wird die Er-
muidungslebensdauer von Befestigungen mit Hilfe der Miner-Regel nachgewie-
sen. Jedoch liegen keine Ergebnisse von Mehrstufenbeanspruchungsversuchen
von Befestigungen in der Literatur vor. In dieser experimentellen Arbeit wurden
Ermudungsversuche mit konstanter Amplitude und nicht konstanter Amplitude an
einbetonierten Kopfbolzen durchgefiihrt. Die Ermidungsversuche mit konstanter
Amplitude wurden mit unterschiedlichen relativen Maximallasten durchgefuihrt.
Die Zugschwellversuche mit verschiedenen Laststufen wurden mit drei verschie-
denen Belastungsszenarien durchgefihrt, namlich mit schrittweise erhohteten
Lasten, mit schrittweise reduzierten Lasten und mit schrittweise erhohten und re-
duzierten Lasten. Basierend auf den vorliegenden experimentellen Daten aus den
konstanten Amplitudentests wurde die Wéhler-Kurve (S-N-Kurve) abgeleitet und
die sekundare zyklische Kriechrate - log N - Kurve wurde ebenfalls ausgewertet.
Um die Annahme Uber die lineare Schadensakkumulation in den verschiedenen
Belastungsszenarien nachzuweisen, wurden die Miner-Summen sowohl auf Basis
der S-N-Kurven, als auch auf Basis der sekundéren Kriechraten ausgewertet. Die
Auswertung der vorliegenden Ergebnisse zeigt, dass die Miner-Regel bei Beton-
ausbruch von Befestigungen mit ausreichender Sicherheit angewendet werden
kann. Diese Erkenntnis stimmt mit den Literaturergebnissen fir ermidungsbean-
spruchten Normalbeton tberein.

KEYWORDS: Fatigue, programme loading, headed stud, concrete cone failure, linear
damage accumulation

1. INTRODUCTION

The fatigue behaviour of fasteners under constant loading scenarios was in-
vestigated in several experimental studies [1-8]. Under realistic loading condi-
tions, the concrete is rather subjected to a cyclic load of different load amplitudes.
To account for the effect of operational stresses (varying amplitudes) on the fa-
tigue behaviour, the number of load cycles and amplitudes are usually counted
using, for example, the Rainflow- or Reservoir Methods, and the cumulative dam-
age is accounted for using simplified methods, such as the Miner’s Rule. The most
commonly used hypothesis to verify the damage accumulation was introduced by
Palmgren (1924) and was later popularised by Miner (1945) [9]. The approach
assumes a linear damage accumulation. Each individual cycle with its amplitude
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contributes to the total damage. This hypothesis is expressed using Eq. 1. Accord-
ing to this approach, the fatigue failure occurs if the total damage, which is a sum
of damage caused during the successive loading block, reaches M = 1. In the case
of materials with endurance limit (infinite life fatigue strength), the stresses below
the endurance limit do not contribute to the total damage. The main drawback of
the Miner’s rule is that it does not account for the sequence of the applied succes-
sive loading blocks.

j
n n n; dn;
M=—1+— L= E — = —l<1 1)
Ny NJ i=1 L

Therefore, the investigations available in the literature are basically made to vali-
date the Palmgren-Miner linear damage accumulation and to determine whether
the total damage is equal to or differ from one. Since this recent experimental
study focuses on the concrete governed failure mode of fasteners (concrete cone
failure under centric tension loading), the literature findings from plain concrete
are summarized in the following. Hilsdorf & Kesler (1966) investigated the influ-
ence of stepwise increased and stepwise decreased load amplitude on the fatigue
life in two test series [10]. The results showed that Miner’s sum is M < 1 for the
stepwise increasing loading regime, whereas the total sum is M > 1 in case of
stepwise decreasing load amplitude. The results show that the sequence of the
different load amplitudes has an influence on the total damage. However, the se-
quence of the different load amplitudes is not captured by the Palmgren-Miner
damage summation method. Tepfers et al. (1977) also carried out fatigue tests on
d/h =25/50 mm concrete cylinders using a sequence of increasing and decreasing
load amplitudes [11]. The results showed considerably great scatter, and the cal-
culated total damage was once below, once beyond 1. Therefore, no clear conclu-
sion regarding the total permissible cumulative damage for concrete could be
drawn. Holmen (1979) recorded the strain continuously during the fatigue tests
[12]. It was concluded by Holmen that such loading scenarios, where the smaller
amplitude follows a higher applied stress amplitude, are significantly more unfa-
vourable. The results reported by Oh (1991) include fatigue tests on 4-point bend-
ing specimens [13]. The results show that the total cumulative damage is greater
than M > 1 in the case of stepwise increasing load amplitudes. The cumulative
damage M < 1 was reported for loading cases, where the higher amplitudes were
followed by lower amplitudes. Based on these results, the linear damage accumu-
lation could not be confirmed. Zhao et al. (1996) carried out fatigue tests on con-
crete prisms, and he also reports higher total cumulative damage than 1 if the load
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amplitude is increased throughout the loading history, and smaller than 1 if a
higher amplitude is being reduced during the test [14]. Cornelissen et al. (1984)
also carried out programme loading tests in pulsating tension [15]. In the pro-
gramme loading tests, the different loading scenarios include stepwise increased,
stepwise decreased and decresed-increased successive loading blocks. The eval-
uation of the test data was performed using the S-N relation as well as based on
the secondary creep rates in the corresponding loading blocks. Although the
Miner’s Rule does not account for the sequence of the applied different loading
blocks, the results show that the Miner’s Rule M = 1 is basically a safe approach.
Furthermore, it was shown that the Miner sums are much closer to 1 when the
evaluation is based on the secondary creep rates. It is explained by the fact that
the secondary creep gives a better response to the damage caused by the prede-
cessor-loading block. The presented results show that the sequence of the different
load levels/amplitudes plays an important role. Some research data reports about
the general safety of the Miner’s Rule (M = 1); however, some not. The total sum
of the damage (Miner's sum) shall be higher than M > 1 at fatigue failure if the
loading protocol begins with a lower amplitude, which is being increased. To the
contrary, the total damage at the fatigue failure may be less than 1, if the loading
regime begins with a higher amplitude that is being reduced.

2. SCOPE OF STUDY

This experimental study aimed to verify the Miner’s Rule in case of concrete
cone failure of fasteners. For a reasonable evaluation of the Miner’s sums, the
Wohler-curve as well as the secondary cyclic creep-log N curve were determined
based on newly executed constant amplitude fatigue tests.

3. TEST PROGRAM

The test program presented in Table 1 contains 19 constant-amplitude fatigue
tests under pulsating tension. The detailed description of the tests is contained in
Téth (2019) [16]. The test program presented in Table 2 was assembled to capture
the influence of non-constant load amplitude on the fatigue life of cast-in headed
studs in case of concrete cone failure. Four different programme loading scenarios
were tested: decreasing maximum-load, increasing maximum load, increasing and
decreasing maximum load. According to the Miner’s Rule, it was checked finally,
whether the sum of the total damage exceeds or falls beyond 1. The fatigue tests
were carried out using different maximum loads, whereas the minimum-load was
10% of the static concrete cone capacity (Nym). The test frequency during all tests
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was in the range of 5-8 Hz. The programme loading fatigue tests were carried out
in the Testing Laboratory of the Institute of Construction Materials of the Univer-
sity of Stuttgart.

Table 1: Test program — constant amplitude fatigue tests (reference test series)

Embedment

Concrete depth het Test type Frmax / Num Fmin / Num Nu:}:tesr of
[mm] [%] [%]
static - - 6
dynamic 85 10 5
C20/25 50 dynamic 80 10 5
dynamic 75 10 5
dynamic 70 10 4
Table 2: Test program — non-constant amplitude fatigue tests
Num-
Embedment  Test Fmax /
Concrete mbedmen ©s Test schema mex Fmin / Num  ber of
depth het type Nu,m
tests
[mm] [%] [%]
C20/25 50 static - - - 9
N S E— a=80
20/2 1 4
C20/25 50 dynamic b=75 0
b a=280
20/2 i % — 1 7
C20/25 50 dynamic | b=75 0
. =80
C20/25 50 dynamic E o 10 8

4. TEST METHODS & MATERIALS
4.1 TESTED MATERIALS

In the engineering practice commonly used S235 J2 +C450 EN 1SO 13918
headed studs with a nominal diameter of 25,40 mm (1”) were used. The headed
studs were manufactured by NELSON. Normally, the headed studs are welded to
anchor plates. In this case, the tension load was introduced into the bolts via M27
threads, which were cold-rolled into the upper 4 cm of the headed studs. The an-
chor diameter was selected such to avoid the fatigue of the bolts during the tests.
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The concrete members for the pulsating tension tests were designed as concrete
slabs without steel reinforcement. The distance between the neighbouring headed
studs was selected such that the formation of the concrete cone did not influence
the adjacent headed stud according to ETAG001 Annex A. The concrete mixture
was designed according to DIN EN 206, and the composition of the different
charges is given in Table 3. The concrete compressive strength measured on
a =150 mm concrete cubes was between 30 — 35 N/mm?,

Table 3: Concrete mixture

Charge  Concrete Cem. Cem. Aggregate Water wi/c
str. class type
0-2 2-8 8-16
[-] [] [] [ko/m’]  [kg/m’]  [kg/m]  [kg/m’]  [kg/m?] [
CEM I,
1 C20/25 32.5R 265 708 465 689 185 0,69

4.2 TEST SETUP

The pulsating tension fatigue tests were carried out using servo-hydraulic loading
devices and unconfined test setup. The number of cycles, as well as the anchor
displacement, were continuously measured during the tests. The schematics of the
loading fixture is shown in Fig. 1.

b)

Fig. 1: a) Tested headed studs b) Schematics of the test arrangement used in the fatigue tests

5. TEST RESULTS
5.1 RESULTS OF CONSTANT AMPLITUDE TESTS

The results of the pulsating tension constant amplitude fatigue tests are
shown in Fig. 2. All failure points presented in Fig. 2 are associated with full-size
undisturbed concrete cone failure, except the aborted tests marked with empty
symbols. Linear regression lines were generated for all tested scenarios (exclud-
ing the aborted tests). The regression lines were generated to express Yy = (Fmax/Nu)
as a function of x = (log N). The derived equations were solved, and log N for the
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different tests scenarios can be expressed by Eq. 2. Based on the results, the max-
imum applied load at N = 2*10° is ca. 70% of N,.
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Fig. 2: S-N curve, headed studs in C20/25 concrete, pulsating tension, concrete cone failure
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Fig. 3: Cyclic creep rate as a function of log N, headed studs in C20/25 concrete, pulsating
tension, concrete cone failure

log,oN = 28,2 — 30,77 - n}\;ax Pulsating tension C20/25, het = 50 mm, r=0.95 (2)

u

The secondary cyclic creep rate (gsec,1) 1S proportional to the number of cycles at
failure (Sparks (1973), Holmen (1979), Cornelissen (1984)). The secondary creep
rates in Fig. 3 were calculated at ca. 50% of Nsiwre In €ach case and it is nearly
constant between 0,2 to 0,8 of N/Nsiwre [16]. The smaller the secondary cyclic
creep rate is, the higher number of cycles at failure is expected. The log N can be
expressed as a function of log &,y Using Eq. 3.

logN = —0,815 — 1,017 log &, Puls. tension C20/25, het = 50 mm, r =0,996 (3)
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5.2 RESULTS OF NON-CONSTANT AMPLITUDE TESTS

The non-constant amplitude fatigue tests were carried out according to Ta-
ble 2 using different block loading scenarios. The non-constant amplitude fatigue
tests were carried out under the same conditions as the constant amplitude fatigue
tests (concrete C20/25, @25 headed stud, embedment depth hes = 50 mm). To
check the linear damage accumulation using the Miner’s Rule, the determined
Wohler-curve (see Fig. 2) and the log esxci-log N curves (Fig. 3) were used for
the evaluation. Altogether 19 programme loading tests were carried out.

0.8
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Fmax=0,8 (Nf=11300)
Test2 Fmax=0,75 (n1=82600)
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Fig. 4: Displacement (9) as a function of n / N (non-constant amplitude fatigue tests in
C20/25, headed stud her = 50 mm), Loading block 1: 75%, Loading block 2: 80% until failure
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Fig. 5: Displacement (d) as a function of n / N (non-constant amplitude fatigue tests in
C20/25, headed stud hef = 50 mm), Loading block 1: 75%, Loading block 2: 80%,
Loading block 3: 75% until failure
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6. EVALUATION AND DISCUSSION OF TEST RESULTS
6.1 EVALUATION OF MINER’S SUMS BASED ON S-N RELATION

The results of the executed non-constant amplitude fatigue tests and the cal-
culated Miner’s sums are summarised in Table 4, where the evaluation of the

damage sum is made based on the S-N relation described by Eq. 2 for constant-
amplitude pulsating tension.

Table 4: Miner’s sums based on S-N relation

Appl. loading block 1 | Appl. loading block 2 | Appl. loading block 3 | Nrailure NMIMERS | DUED)
sum value

ID|Fmad | N, | 2PPNEd | NG| No [2PPNED | E NG| Tog Ni |log n M=3itt | W

Nu N1 n2 1
[-] [-] [-] [-] [-] [-] [-] (1| [ [-] [-]

1| 0,75 | 132.586 | 82.600 0,8 3.837 - - - - 11.300 3,57

2 | 0,75 | 132.586 | 82.600 0,8 3.837 - - - - 25.563 7,29

3 | 0,75 | 132.586 | 82.600 0,8 3.837 - - - - 9.128Y (0,07)

4 | 0,75 | 132.586 | 82.600 0,8 3.837 - - - - 11.729 3,68 5,69

5 | 0,75 | 132.586 | 82.600 0,8 3.837 - - - - 29.223 8,24

6 | 0,75 | 132.586 | 82.600 | 0,8 | 3.837 - - - - | 68.632D (0,52)

7 | 075 | 132586 | 82.600 | 0,8 | 3.837 - - - - | 64.803V (0,49)

8 | 08 3837 3.110 0,75 |132.586 - - - - 4529 (0,12)

91 08 3837 3.110 0,75 |132.586 - - - - 3789 0,84

10| 0,8 3837 3.110 0,75 |132.586 - - - - 505.0062 4,62 3,35

11| 08 3837 3.110 0,75 |132.586 - - - - 483.000 4,45

12| 08 3837 3.110 0,75 |132.586 - - - - 357.015 3,50

13| 0,75 | 132.586 | 50.000 0,80 3.837 2.490 0,75 |132.586 - 229.010 2,75

14 | 0,75 | 132.586 | 50.000 0,80 3.837 2.490 0,75 |132.586 531.0022 5,03

15| 0,75 | 132.586 | 50.000 0,80 3.837 2.490 0,75 |132.586 19.056 1,17

16 | 0,75 | 132.586 | 50.000 | 0,80 3.837 | 2.490 0,75 |132.586 216.732% 2,66 3,99

17 | 0,75 | 132.586 | 50.000 | 0,80 3.837 | 2.490 0,75 |132.586 541.0002 511

18 | 0,75 | 132.586 | 50.000 | 0,80 3.837 | 2.490 0,75 |132.586 2422179 2,85

19 | 0,75 | 132.586 | 50.000 0,80 3.837 2.490 0,75 |132.586 970.0002 8,34

DFailure during the first loading block

AStopped

3)Steel failure

Premature fatigue failure was observed during the first loading block in tests 3, 6,
7, 8. However, such high maximum loads (75%, 80% of N,) are unlikely to be
applied on anchors, with which the programme loading tests were executed.The
main reason for testing at such high load levels was to avoid extremely long test-
ing times. It can generally be said that the fatigue tests are carried at relatively
high load levels — which are usually higher than the later operation loads - to get
the response of the fatigue behaviour in the experimentally possible cyclic range.
Obviously, by testing at such high load levels, the premature failure may occur,
which, if that is the case, may not be representative in the evaluation. Therefore,
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it was decided to neglect the results of tests 3, 6, 7, 8 in the evaluation of the
Miner’s sums. The executed programme loading tests show that in general, the
sum of the total damage exceeds 1. In the increasing loading scenario, the mean
sum of total damage is M = 5,69 (Test 1-7, Table 4). However, in the decreasing
loading scenario, the sum of total damage is M = 3,35. Note that in this case, the
minimum M was 0,84 (see Test 10). The observed trend agrees well with the find-
ings reported in most of the literature data for concrete.

6.2 EVALUATION OF MINER'S SUMS BASED ON SECONDARY CY-
CLIC CREEP RATE

It can be seen in Table 5 that the Miner’s sums exceed M = 1 if the evaluation
is performed based on the secondary creep (Table 5).

Table 5: Miner's sums based on secondary cyclic creep rate

Appl. loading block 1 | Appl. loading block 2 | Appl. loading block 3 | Ntaiture Mslﬂg S vMa?SQ

ID F,r\nle:J N1 apfl'l'ed FradNu | N2 apfl'z'ed Fmax/Nu | log N1 | log na M=Eigt | M
[] [-] [-] [-] [-] [-] [-] (1| [ [-] [-]

1| 0,75 | 132.586 | 82.600 0,8 3.837 - - - - 11.300 1,04

2 | 0,75 | 132.586 | 82.600 0,8 3.837 - - - - 25.563 1,09

3 | 0,75 | 132.586 | 82.600 0,8 3.837 - - - - 9.128Y )

4 | 0,75 | 132.586 | 82.600 0,8 3.837 - - - - 11.729 1,20 1,14

5 | 0,75 | 132.586 | 82.600 0,8 3.837 - - - - 29.223 1,23

6 | 0,75 | 132.586 | 82.600 0,8 3.837 - - - - 68.632Y 4

7 | 0,75 | 132.586 | 82.600 0,8 3.837 - - - - 64.803Y 4

8 | 08 3837 3.110 0,75 ]132.586 - - - - 4529 4

91 08 3837 3.110 0,75 ]132.586 - - - - 3789 4

10| 08 3837 3.110 0,75 ]132.586 - - - - 505.0062 4

111 o8 3837 3.110 0,75 |132.586 - - - - 483.000 4

12| o8 3837 3.110 0,75 |132.586 - - - - 357.015 4

13 | 0,75 | 132.586 | 50.000 0,80 3.837 | 2.490 0,75 [132.586 - 229.010 1,17

14 | 0,75 | 132.586 | 50.000 0,80 3.837 | 2.490 0,75 [132.586 531.0022 1,20

15| 0,75 | 132.586 | 50.000 0,80 3.837 | 2.490 0,75 [132.586 19.056 4

16 | 0,75 | 132.586 | 50.000 0,80 3.837 | 2.490 0,75 [132.586 216.732% 4 (é;g)

17 | 0,75 | 132.586 | 50.000 | 0,80 3.837 | 2.490 0,75 |132.586 541.000% 0,28

18 | g,75 | 132,586 | 50.000 | 0,80 3.837 | 2.490 0,75 |132.586 242.2179 0,70

19 | g,75 | 132,586 | 50.000 | 0,80 3.837 | 2.490 0,75 |132.586 970.0002 1,16

DFailure during the first loading block

AStopped

3)Steel failure

“Measurement data not available

The Miner’s sums are remarkably closer to 1 when the secondary creep rates are
used in the evaluation, which is in a good agreement with the conclusions drawn
for plain concrete by Cornelissen (1984). This is explained by the fact that the
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effect of the damage caused by the predecessor loading block is well-captured by
the actual displacements. Note that the Miner’s sums of the tests 17 and 18 may
not be representative in the evaluation because those tests — among others —were
aborted prior to failure.

7. SUMMARY AND OUTLOOK

In this experimental study, contant amplitude and variable amplitude fatigue
tests were carried out on cast-in headed studs in pulsating tension. The Miner’s
sums of the programme loading tests were evaluated once based on the S-N rela-
tion as well as based on the secondary creep rates. The results proved the approach
of using M = 1 to be generally safe.

REFERENCES

[1] Brock, K.: Dibelbefestigungen unter ermidungsrelevanten Einwirkungen,
Habilitationsschrift, Universitat Dortmund, 2001

[2] FucHs, W.: Tragverhalten von Dibeln unter nicht vorwiegend ruhender Be-
lastung. Report 11/2-85/5., Institut fir Werkstoffe im Bauwesen, Universitét
Stuttgart, 1985

[3] Lotzkg, D.: Tragverhalten und Anwendung von Dubeln unter oftmals wieder-
holten Belastung, Universitét Stuttgart, Institut fir Werkstoffe im Bauwesen,
1993

[4] MARUYAMA, K., SHIMOMURA, T. AND OTHERS: Crack Growth Mechanism
and Fatigue Strength of Concrete in Anchor System. 3 >4 ) — kT2 4

JERERE S, 19(2), pp. 135-140, 1997

[5] LAzzARIN, P., GRUN, J., MUTIGNANI, F., RONCHI, R.: Fatigue behaviour of
bonded anchors subjected to tensile loads. Ermudungsverhalten geklebter
Verankerungen  unter  Zugbelastung.  Materialwissenschaft  und
Werkstofftechnik, 41(5), pp. 372-377, 2010

[6] TOTH, M., HOFMANN, J.: Influence of compressive load reversals on the fa-
tigue life of headed studs in case of concrete cone failure, Proceedings of 3rd
International Symposium on Connections between Steel and Concrete 2017,
Stuttgart, pp. 312-320, 2019

[7] Usawmi, S., ABE, Y., MATZUSAKI, |.: Study on the Fatigue Strength of Anchor
for Supporting Equipment and Piping; Tensile Fatigue Strength against
Cone-Shaped Concrete Failure. Paper on the Proceeding of the annual Meet-
ing of Architectural Institute Japan, 1983

355 Otto-Graf-Journal Vol. 18, 2019



M. TOTH, J. HOFMANN

[8] Usawmi, S., ABE, Y., MATzUSAKI, |.: Experimental Study on tensile and shear
Fatigue Strength of 19 mm Diameter headed Stud Anchor. Paper on the Pro-
ceeding of the annual Meeting of Kantou Branch of Architectural Institute
Japan, 1980

[9] MINER, M.A.: Cumulative Damage in Fatigue, Journal of Applied Mechan-
ics, September, pp. 159-164, 1945

[10] HiLsporF, H.K., KESLER, C.E.: Fatigue Strength of Concrete Under Varying
Flexural Stress. Journal of American Concrete Institute 63, pp. 1059-1076,
1966

[11] TePFERS, R., FRIDEN, C., GEORGSSON, L.: A study on the applicability to the
fatigue of concrete of the Palmgren-Miner partial damage hypothesis. Mag-
azine of Concrete Reseach 29 (1977), pp. 123-130, 1977

[12] HoLMEN, J.O.: Fatigue of concrete by constant and variable amplitude load-
ing. University of Trondheim, Norway, 1979

[13] OH, B.: Cumulative damage theory of concrete under variable-amplitude fa-
tigue loadings. ACI Materials Journal, 88(1), 1991

[14] ZHAO, G.Y., WU, P.G., BAI, L.M.: Research on fatigue behaviour of high-
strength concrete under compressive cyclic loading: 4th International Sym-
posium on Utilization of High-stregth/High-performance concrete, pp.757-
764, 1996

[15] CoRNELISSEN, H.A.W., REINHARDT H.W.: Uniaxial tensile fatigue failure of
concrete under constant-amplitude and programme loading, Magazine of
Concrete Research VVol.36 Issue 129, pp. 216-226. 1984(c)

[16] TOTH, M.: Fatigue Behaviour of Fasteners: Numerical and Experimental In-
vestigations on the Concrete Cone Failure Mode, PhD-Thesis, Institute of
Construction Materials, University of Stuttgart, under review, 2019

[17] EN1992-4: Eurocode 2 Design of concrete structures - Part 4 Design of fas-
tenings for use in concrete, European committee for standardization, Brus-
sels, July 2018 EN1992-4:2018 (E)

[18] fib Bulletin 58, Design of Anchorages in Concrete: Part I-V. Lausanne:
fédération internationale du béton / International Federation for Structural
Concrete (fib), 2011

356



	Máté Tóth1, Jan Hofmann2
	1 fischerwerke GmbH & Co. KG, Waldachtal
	2 Institute of Construction Materials, University of Stuttgart
	SUMMARY
	ZUSAMMENFASSUNG
	1. INTRODUCTION
	2. SCOPE of study
	3. TEST PRogram
	4. TEST METHODS & MATERIALS
	5. TEST Results
	6. EVALUATION and discussion OF TEST RESULTS
	7. Summary and outlook

