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1 Introduction 

The advantages of composite constructions such as the speed of 

construction, the performance and the value can be enhanced by the 

usage of rib shear connectors instead of currently popular alterna-

tives such as headed studs. Especially in the field of bridge construc-

tion, where cyclic loading occurs, welded headed studs often consti-

tute the weakest component of composite girders and do not allow 

the efficient deployment of the two components steel and concrete. 

Furthermore, the usage of rib shear connectors leads to higher stiff-

ness as well as the higher maximum load-bearing capacity of the 

composite connection due to which greater span lengths can be 

achieved.  

While the usage of rib shear connectors under static loading has 

been investigated sufficiently both with experimental and theoreti-

cal studies (e.g.: [1][2][3]), current regulations regarding such con-

nectors are very conservative in case of cyclic loading due to the lim-

ited available information. Thus, experimental investigations with 

cyclic loading were conducted to provide information regarding fa-

tigue failure of composite girders with rib shear connectors. The cur-

rent paper presents results of two cyclic single Push-Out-Tests and 

one full-scale composite girder, in which the composite connection 

is achieved by clothoid-shaped rib shear connectors, under cyclic 

loading.  

2 State of the art 

Currently available studies include just a few experimental investi-

gations regarding fatigue behaviour of composite constructions 

with rib shear connectors. Most of the available research results of-

fer hereby incomplete information regarding the fatigue behaviour 

of these connectors. Experimental investigations conducted in [4] 

and [5] had to be interrupted before fatigue failure could be 

achieved due to early failure of the test rig. Thus, it was not possible 

to investigate the circumstances under which fatigue failure in the 

interconnection occurs. Rib shear connectors have also been tested 

under cyclic tensile forces in [6]. Here, a model for calculating the 

lifespan in case of fatigue failure in the form of concrete pry-out 

could be derived. Further investigations followed in [7]. Here, a new 

test rig was deployed which led to promising results regarding fa-

tigue failure of rib shear connectors under cyclic shear loading. Ad-

ditional investigations and analysis of the results led to an engineer-

ing model in [8]. The latter allows the calculation of the lifespan of 

rib shear connectors in case of cyclic pry-out failure depending on 

loading parameters and the static dowel characteristic curve of the 

rib shear connectors. Further investigations regarding rib shear 

connectors under static and cyclic loading were conducted in [9]. In-

vestigation focusing on the steel fatigue of composite girders are in-

cluded in [10] and [11]. The former publication included numerical 

and experimental investigation on rib shear connectors, while the 
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latter focused on the fatigue behaviour of composite girders with 

hot-dip galvanized rib shear connectors.  

Full-scale composite girders with rib shear connectors were investi-

gated in [5]. Nevertheless, the investigations presented here regard 

girders with ultra high strength concrete (UHPC) and are therefore 

not comparable with the herein presented tests. 

3 Experimental investigations 

3.1 General 

In addition to the experimental investigation conducted in the past 

regarding the load-bearing behaviour of single connectors, repre-

sentative full-scale tests are needed to evaluate the load-bearing 

behaviour of the connectors under realistic loading conditions. One 

main aspect, which is (deliberately) neglected in single Push-Out-

Tests and which is expected to influence the characteristics of the 

composite interconnection, is the statically indeterminate system 

which occurs due to multiple connectors positioned in each shear 

field. 

Considering a 4-point bending test in which the shear force in each 

shear field is presumed to be evenly distributed in the available con-

nectors along the axis, the shear force in some of the connectors is 

underestimated. Nevertheless, ductile connectors, such as the rib 

shear connectors used here, allow relocation of a percentage of the 

shear force in other less loaded connectors.  

 

Figure 1: Test setup sPOT 

To compare the load-bearing behaviour of the connectors tested in 

the sPOT with that of the connectors in a full-scale girder, the 

planned composite girder was and tested in accordance to the test 

parameters (and results) of the sPOT Dyn_D_6.1 and Dyn_D_6.2 

presented in [7]. Both Dyn_D_6.1 and Dyn_D_6.2 were identical and 

were tested as demonstrated in Figure 1, while the geometry of the 

tested girder is shown in Figure 2. 

 

Figure 2: Side view and section of the tested composite girder 

3.2 Test parameters 

While the concrete slab in the sPOT had a width and length of 40 cm 

respectively as opposed to the concrete slab of the girder with a 

width of 90 cm, the geometrical parameters which influenced the 

load-bearing capacity of the connectors were identical. Thus, the up-

per embedment depth of the shear connectors was chosen to 

35 mm. For the rib shear connectors tested a dowel distance of 

ex = 200 mm and a clothoid-dowel geometry was chosen as shown in 

Figure 1 and Figure 2. While the thickness of the steel web in case of 

the sPOT was chosen to 20 mm, the used steel beam in case of the 

full-scale girder test (HEA800) consisted of a web with a thickness 

of 15 mm.  For the steel used for the sPOT as well as for the halved 

HEA800 beams the steel class S355 was chosen. The reinforcement 

of the concrete belts (B500B) consisted of rebars with a diameter of 

8 mm along the axis of the girder, stirrups with a diameter of 10 mm 

and 2 rebars with Ø16 crossing each concrete dowel as shown in 

Figure 2. Furthermore, the concrete class was chosen to C30/37 and 

the thickness of the concrete slab was chosen to 16 cm both for the 

sPOT and for the composite girder.  

The sPOT were loaded with an upper load of 225 kN. The load range 

was chosen to 75 kN. The girder with a span of 6.6 m was loaded 

with two single loads. The single loads were positioned at a distance 

of 3.0 m from the supports. The upper limit and the range of every 

single load was chosen to 400 kN and 150 kN respectively. In the 

given static system (Figure 9) the applied loads led to a maximal 

shear force of 400 kN and a minimum shear force of 250 kN. The 

corresponding moment equals 1.2 MNm and 0.75 MNm respec-

tively. In case of the chosen composite girder, for which a halved 

HEA800 steel beam was used, a lever arm z of approximately 38 cm 

occurred. Depending on the state of the composite interconnection 

or rather of the slippage, which increased as the number of the ap-

plied load cycles grew, the lever arm decreased.  Thus, the shear 

force transmitted in each shear field calculated as followed (equa-

tions (1) and (2)) is an approximation.  

𝑃𝑡𝑜𝑡𝑎𝑙,𝑚𝑎𝑥 =
𝛥𝑀

𝑧
=

1,2−0

0,38
= 3,16 𝑀𝑁  (1) 

|636



𝑃𝑡𝑜𝑡𝑎𝑙,𝑚𝑖𝑛 =
𝛥𝑀

𝑧
=

0,75−0

0,38
= 1,97 𝑀𝑁  (2) 

In each of the two shear fields formed between the supports and the 

single loads, 14 steel dowels were available. Thus, the equivalent 

load in each Dowel can be calculated as shown in the equations (3) 

and (4):  

𝑃𝐷𝑜𝑤𝑒𝑙,𝑚𝑎𝑥 =
𝑃𝑡𝑜𝑡𝑎𝑙,𝑚𝑎𝑥

𝑛
=

3,16

14
× 103 = 226 𝑘𝑁  (3) 

𝑃𝐷𝑜𝑤𝑒𝑙,𝑚𝑖𝑛 =
𝑃𝑡𝑜𝑡𝑎𝑙,𝑚𝑖𝑛

𝑛
=

1,97

14
× 103 = 141 𝑘𝑁  (4) 

While the web thickness does not influence the calculative load-

bearing capacity in case of pry-out failure, the thinner web leads to 

a lower dowel stiffness. Thus, the girder was expected to develop a 

higher slippage at the end of the planed 2 Mil. load cycles. According 

to the observations made in [8], cyclic pry-out failure is a slippage-

dependent failure mode as opposed to pry-out failure under static 

loading. Thus, fatigue failure in case of cyclic pry-out can be assumed 

to be reached faster in the girder test. In [12] a model for calculating 

the stiffness of the rib shear connectors was introduced. Taking into 

account the three stiffness components consisting of bending and 

shear stiffness of the steel dowels as well as the stiffness of the con-

crete dowels, the overall dowel stiffness CVD can be calculated. 

 

Figure 3: Experimental and calculative characteristic dowel curves 

Figure 3 shows the result of a static reference test executed before 

the sPOT Dyn_D_6.x (tw = 20 mm), as well as the calculative charac-

teristic dowel curves for a 15 mm- and a 20 mm thick steel web ac-

cording to [12]. It is apparent, that the web thickness has only a mi-

nor influence on the dowel stiffness. The load-bearing capacity of 

the reference test equalled roughly 375 kN, while the deformation 

capacity of the dowel amounted to approx. 13 mm. 

Taking into consideration the load-bearing capacity of the dowels as 

found in the static reference test, the relative upper load corre-

sponding to the chosen upper load of 225 kN was equal to λu = 0.6, 

while the relative load range amounted to approx. λu = 0.2.  

Last but not least, the degree of the shear connection for the given 

geometric and material parameters of the girder and those of the rib 

shear connectors reached η ≈ 1.0. The chosen loads lead to (calcula-

tive) elastic strains in the girders cross-section with the assumption 

of a rigid shear connection. A higher shear load in the shear fields 

could not be achieved without reaching the yield strength of the 

used materials in the area between the applied single loads. 

3.3 Experimental procedure and measurements 

Both the sPOT and the girder followed the same test procedure. In 

the beginning, the load was applied path-dependent following which 

60 slow load cycles took place to record in detail the effects that 

took place in that period. Hereafter the loading was applied force-

controlled with a frequency of approx. 4,9 Hz in the sPOT and 1,2 Hz 

in the girder test. The latter had to be adjusted (decreased) over the 

lifespan due to the increasing deflection leading to higher oil con-

sumption. After every 0,1 million load cycles, the sPOT and the 

girder test got relieved and re-loaded to record the static dowel 

stiffness and the overall girder stiffness respectively.  

In each of the two sPOT, five inductive displacement transmitters 

(IDT) were applied. Two IDTs were used to record the slip along the 

steel web axis. The two IDTs were placed mirrored in the left and 

right side of the steel web. The results of these two IDTs were aver-

aged to eliminate inaccuracies. Two further IDTs (IDT-3 and IDT-4) 

were deployed in order two record the horizontal displacement of 

the concrete slab regarding the initial position of the steel web. 

Through the two measured horizontal displacements in the upper 

and bottom edge of the specimen, the rotation of the specimen could 

be derived. One further IDT (IDT-5) was applied behind the load-

carrying steel dowel as shown in Figure 1 to record the percentage 

of the slip which resulted from the bending and shear shift of the 

steel dowel. This paper concentrates on the measurement of the slip 

in the composite interconnection. 

The measurements of the girder (as shown in Error! Reference 

source not found.Figure 9) were also concentrated around the slip 

development in the shear connection. For each shear field, seven 

IDT were provided and were placed equidistantly along the axis of 

the girder with a spacing of twice the dowel spacing (40 cm). Fur-

thermore, one IDT was placed in each girder-ending (AA and OO) to 

record the descending slip in the area of the supports. Last but not 

least, one IDT was applied to record the deflection of the girder. To 

capture the force redistribution in the cross-section, resulting from 

the increasing slip in the composite connection, strain gauges were 

applied on the steel beam and concrete belt of the composite girder. 

In axis A, C, E and G a total number of 20 strain gauges were applied 

as shown in Figure 4. 

 

Figure 4: Strain gauges in the cross-sections of the girder 

3.4 Test results 

3.4.1 Single Push-Out-Tests 

Figure 5 shows the slip-load cycle curves of the two single Push-

Out-Tests which were recorded through two IDT’s for each sPOT 

(IDT-1 and IDT-2 in Figure 1). The shown curves correspond to the 

mean slip measured in each test specimen. The minor deviation be-

tween the slip of the two dowels is tolerable and both connectors 

show an overall very similar behaviour.  Furthermore, Figure 5 re-
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veals the proportion of the overall slip owing to an elastic and an in-

elastic slip. While the former amounts to only approx. 20% of the 

overall slip, the inelastic slip is dominant and amounts to approx. 

80% of the total slip. Although the load parameters were chosen 

within the borders of the approximately linear behaviour of the 

dowels (Figure 3, 0→260 kN) inelastic slip occurs right after the first 

load cycles. Nevertheless, a strong slip increase is only noticeable 

within the first 5∙105 load cycles, while hereafter the slip remains 

roughly constant. 

 

Figure 5: SPOT results — slip-load cycles curve 

3.4.2 Girder test 

The girder test ran for 26 days to complete 2 million load cycles in-

clusive static relief and reloading after each 0.1 million load cycles.  

Figure 6 shows the deflection of the girder in the middle of the beam 

which represents its overall load-bearing behaviour over its 

lifespan. The stiffness of the girder decreased within the first 5∙105 

load cycles rapidly which is translated into a strong deflection in-

crease within this period. Hereafter a constant jet insignificant de-

crease of the stiffness took place. The load-bearing behaviour of the 

girder reflected in the deflection-load cycle curves is in agreement 

with the increasing slip of the sPOT over their lifespan.  

 

Figure 6: Deflection of the girder by upper and trough load 

While the deflection of the girder gives an overview regarding the 

overall load-bearing behaviour of the girder over its lifespan, the de-

velopment of the slip along the girder axis gives insights into the load 

history of the individual dowels. The measurements presented in 

Figure 7, in which the results of the slip measured in each axis (AA to 

G and I to OO), confirm the expected non-linear slip- and load distri-

bution in the individual shear connectors. Within the first 104 load 

cycles, the slip in the area of the inner and outer dowels (near axis 

AA and G, as well as I and OO) increases to approx. 0.5 mm, while the 

slip in the area of the decisive dowels (between axis B and D as well 

as M and O) reaches approx. 1.0 mm. Taking into consideration the 

characteristic dowel curve presented in Figure 3 it can be assumed 

that the load in the outer and inner dowels amounts to approx. 50% 

in comparison to the shear load in the decisive dowels. In opposite 

to the simplified assumption for the design, that the shear force is 

equally distributed to the available dowels within the shear field, 

Figure 7 reveals the higher exploitation of the dowels in the decisive 

areas, resulting from the increased slip.  

Nevertheless, the ductility, which these shear connectors provide, 

allows the redistribution of the shear forces in other less exploited 

dowels, through which the unequal slip over the girder axis can be 

compensated. After roughly 4∙105-5∙105 load cycles the slip in the 

inner and outer dowels had reached approx. 1 mm and thus, the re-

sulting shear force in each shear field can be assumed to be distrib-

uted roughly equally to the available dowels in the shear field. 

Furthermore, as shown in Figure 7, the slip in the area of the girder 

with the decisive dowels reaches after 2.0 million load cases approx. 

2.5 to 2.8 mm which is similar to the maximum slip found in the 

sPOT. The affected and most loaded dowels are located at a distance 

of approx. 60-70 cm from the supports which equals approx. 1.5 

times the lever arm z.  

 

Figure 7: Slip along the girder axis 

Figure 8 shows a comparison of the slip development of the dowels 

in the two sPOT and one decisive dowel of the girder (axis N). While 

the overall behaviour of the three compared connectors follows the 

same pattern, it is obvious, that the slip in the area of the decisive 

shear connector in the composite girder increased faster than the 

slip of the dowels in the sPOT. This can be traced back to the initially 

higher loading of this dowel as described above. Taking into consid-

eration that the first 4∙105-5∙105 load cycles are decisive for the 

overall slip increase and that within these load cycles the shear force 

is roughly affine to the slip, the higher slip developed in the shear 

connector of the girder can be explained.  

The strains measured in the cross-sections in axis A, C, E and G are 

presented in Figure 10. The strains measured over the height of the 

concrete beam as well as of the steel beam (S) increase linear with 

increasing distance from the upper concrete edge. The increasing in-

clination of the linear curves describing the strains over the height 

of the beam is a result of the growing slip in the shear connection. 

While the concrete slab is mainly subjected to compression and both 

the upper and the bottom strain measured decrease with increasing 

load cycles, the absolute value of the strains measured in the top and 

in the bottom edge of the steel beam increases leading to higher 
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compression in the top half and higher tension stresses in the bot-

tom half of the steel girder. While the slip in the area of axis C is 

higher than in the other areas of the shear field, the strain alteration 

over the lifespan in this axis is less than in any other axis measured.  

 

Figure 8: Comparison of sPOT and decisive girder dowel 

4 Conclusion 

In the present paper, the results of experimental investigations re-

garding fatigue of rib shear connectors are discussed. The load-

bearing behaviour of single Push-Out-Tests under cyclic loading 

was compared with that of the individual shear connectors of a full-

scale girder. The latter was subjected to a loading which resulted to 

a comparable loading history for each of the bearing shear connect-

ors to that of the sPOT. The slip development over the lifespan of 

the rib shear connectors, which resulted from the two test varia-

tions (sPOT and the girder test), were in agreement. Furthermore, 

the assumption of a rigid connection and a linear strain distribution 

over the height of the composite girder, as a result of a shear con-

nection grade of η = 1.0, could not be verified in the investigated 

girder test. The increasing gap between the strain in the bottom con-

crete edge and the upper steel edge, resulting from the growing slip 

in the shear connection, is present in the investigated girder. The 

degradation of the shear connection mainly takes place within the 

first 104-5∙105 load cycles, while hereafter the properties of the 

shear connectors change roughly. Overall, the investigated rib shear 

connectors demonstrated very good load-bearing behaviour under 

the applied cycling loading. Further investigations in girders with rib 

shear connectors and shear connection grades below 0.8 are neces-

sary to collect information regarding fatigue failure in the shear con-

nection.  
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Figure 9: Static system and slip measurement 

Figure 10: Strains in the cross-sections in axis A, C, E and G 
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