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Abstract 
Fatigue behaviour of anchor bolts has been studied by means of pull-out 
tests carried out on concrete slabs. Three types of anchorage have been 
tested by applying sinusoidal shaped loading cycles. 

Analysis performed with fatigue behaviour of anchorage according to 
the maximum cyclic load. Damage propagation is studied as a function 
of the number of loading cycles. Energy dissipated of cycles, 
compliance and displacement of anchorage have been chosen to study 
anchorage behaviour. 

Experimental results have shown a relationship between the 
displacement in static tests and the displacement in dynamic tests. 
Therefore by means of the static pull-out test, it is possible to point out 
the fundamental feature that governs the cyclic behaviour. 

1 Introduction 

There has been a growing interest in the fatigue behaviour of anchor 
bolts subjected to cyclic loading because of its increasing use 
structures. 
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anchorages is an effective tool to understand the 
"""'"'.1.v.u between concrete and steel. Therefore, order 

the presence of fatigue it is necessary to 
anchorage under cyclic loads. 
investigation is to provide more data on the 
to cyclic loading. . 

research about short anchor bolts in 
Fracture Mechanics and Non Destructive 

..... ...,,_~.._ ..... A Engineering Department of Politecnico di 
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Dynamic tests were carried out by applying a sinusoidal _...._,.__.,....,..._JUL"" 

with a frequency of 

1. 
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Fig. 2. Anchorage geometries chosen 

3 Test results and discussion 

the number of cycles increases the anchorage subjected to fatigue 
loading shows progressive damage. The fatigue damage is a 
consequence of increasing internal cracking in concrete. In Fig. 3 the 
variation of the cycle shape during the fatigue test of anchor bolt is 
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Fig. 3. Variation of cycle shape in fatigue test. 
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....,V' •. ._.__ .... _ .. '""'"'""' to decrease, as 
observed for the compliance 
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evolution and stiffness degradation with the number of cycles 
anchor bolts were found to be similar to those of normal concrete. 

6 shows that three anchorage geometries have a similar 
°',..~,.rn.anr behaviour. 

case of anchorage the displacement of anchor bolt appears 
quantity so as to check a fatigue process (Shah, 1984 ). 
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Displacement referred at first cycle as a function of number 
cycles of two types of anchor 

three parameters clearly indicate that the increase of damage 
cyclic loading is highly nonlinear therefore the Miner's hypothesis 

not valid for the structural element examined. 
anchorage fatigue life may be predicted more effectively through 

a relationship based on the increase in the displacement of the load 

4 

point, llmax, as a function of the number of cycles 
through a relationship based on the crack propagation velocity as a 

the number cycles as in metals (Bocca et al., 1992). 

effect on pull-out test 

fatigue influence on pull-out test was studied through a comparison 
between the pull-out tests before and after a certain number of cycles. 

pull-out tests anchor bolts involving a contrast ring of 
considerable size compared to bolt depth, concrete failure is caused by a 
.. ..,.!LU ......... ..., stress field localized at the end of the bolt head, as a consequence 

the area where both the main crack and the micro cracking zone 
are initiated. In pull-out tests of rod and ribbed bars the failure is 
caused by the failure of the chemical link between steel and concrete, 

the diffused damage of the concrete provoked by the ribbed bar, 
respectively. 
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Table 1 summarises data obtained tests. 

Table 1. results 

anchor Pfail. Pfail,av 11 fail. 1lfai,av 
w w Cycles P=%Pu 

types [daN] [daN] ~nnfo"':il 
[mm] [mm] J!..L 

1800 0.297 41.96 1 
1877 0.197 38.44 1 
2075 1868 0.373 0.310 40.80 39.44 

anchor 1593 0.248 34.60 1 
bolt 1997 0.435 41.40 1 

2033 0.652 42.77 20000 
2016 0.568 37.02 200000 
2236 0.424 22.17 463000 
2806 0.361 170.94 1 
2766 2421 1.012 1.093 188.74 171.21 1 
1895 1.628 141.90 1 

ribbed 2218 1.369 183.24 1 
bar 2626 0.722 419.32 500000 

2638 2625 0.409 0.364 290.87 150000 
2608 0.251 247.30 700000 
2628 0.075 288.01 311000 
694 0.039 31.57 1 
1364 0.040 60.18 1 
597 841 0.090 0.077 21.82 58.41 1 

rod bar 613 0.058 98.65 1 
1027 0.057 79.83 1 
407 0.054 7.28 40000 
688 0.093 300000 

In order to emphasize the ~ ... ~ .... ~ ... ~ ....... ~ 
of the pull-out diagram, as a 1-"•-u ................ ....,,., • ..,..._ 

study, is considered. 
In Figs. 7-8-9 dimensionless load - displacement curves 

types of anchorage are drawn. It can be noted 
the static test is terminated before the 30% of 
occurs for all geometries but global 
different. In fact, it is possible to observe gradual ~ ..... ,.. .......... Jo,"' 

bar while this is not verified others. the ninA ..... .n...-

bar behaviour two phase are present: one elastic 
damage. In the anchor bolts the linear damage is 
cracking propagation and in the rod bars this is due to ............. ~ ..... '"' ....... 
steel and concrete with the possibility of 
slipping. 
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The fatigue on the tests increases at 
failure making structural more 

By the comparison between static and cyclic it is 
evident that there is a relation between them. 
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The experimental results have shown that it is possible to verify, also 
for this structural element, that a relationship between the displacement 
in static tests and the displacement in cyclic tests exists. In fact the 
descending branch in a static test can be considered as the failure 
envelope in a fatigue test (Hordijk, 1991). It can be seen that the 
displacement for the last loop, more or less, coincided with the 
descending branch of the static test. 

In Table 2 the results on the comparison between the failure 
displacement in static test and the displacement recorded at the end of 
secondary branch end in the cyclic test are reported. 

Table 2. Comparison between displacements from static and cyclic test 

Nome 11 failure, static 1lfailure, cyclic Pmax=% Pf Nf 
[mm] [mm] 

0.365 60 15000 
0.327 68 40000 

anchor bolt 0.310 0.561 78 2500 
0.496 89 4000 
0.320 68 12250 
0.312 84 5000 
0.748 80 150000 

ribbed bar 1.093 0.914 72 150000 
1.061 84 5000 
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fact the assumption made by Balazs ( 1986) on the 
behaviour of bar pulled out of the concrete. 

a result of this hypothesis it is possible to point out the 
.... AA, ............. , .......... , ... ~ .. feature governs cyclic behaviour by means of the 

test. The maximum displacement is represented by the 
at predetermined percentage of load and the 

descending of static pull-out test. However in the fatigue life of 
anchorage it is better not to exceed the displacement at static failure 
....,...., .... , ......... "''-" in this case the processing at fatigue is the unstable zone. 

5 Conclusions 

have shown that the different fatigue behaviours 
anchorage depend strongly on its geometry. By comparing the load

displacement curves it is observed a relationship between displacement 
and dynamic tests exists. Therefore by means of the static pull
it is possible to point out the fundamental feature that governs 

behaviour. 
selected variable trends show how only the displacement is able 

the presence of fatigue process and consequently the others 
not be chosen as process control parameter. 
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