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ABSTRACT 

Concrete hinges represent necks in reinforced concrete structures. More recently, they have 

experienced a renaissance in integral bridge construction. They are also used in mechanized tunneling, 

where they represent segment-to-segment interfaces of lining rings that consist of precast reinforced 

concrete segments [1]. Concrete hinges are typically subjected to compressive normal forces and to 

bending. As for their design, guidelines by Leonhardt and Reimann [2] represent the golden standard. 

However, these guidelines refer to serviceability conditions, i.e. they do not provide information on the 

load-carrying capacity of concrete hinges. This is the motivation for the present contribution. At first, 

eccentric compression tests up to the load-carrying capacity of initially monolithic concrete hinges [3] 

are presented. Subsequently, they are re-analyzed based on Finite Element analyses. Three-dimensional 

nonlinear simulations are carried out in an incremental-iterative fashion, using the state-of-the-art 

software ATENA science. The simulation of relationships between bending moments and relative 

rotation angles, based on measurements, requires careful modeling of the strength of concrete under 

triaxial compressive stress states, with principal compressive stress ratios typically amounting to          

σ1 : σ2 : σ3 = 1.0 : 0.5 : 0.3. In addition, consideration of pre-existing damage of concrete in the neck 

region, resulting from the challenging process of concrete placement into formworks for concrete 

hinges, requires simultaneous reduction of (i) the elastic stiffness, (ii) the tensile strength, and (iii) the 

fracture energy. Correlated sensitivity analyses are facilitated by means of a multiscale model for the 

tensile strength of concrete, resulting in multiscale structural analyses. 
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