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5 Conclusions 
The new beam element proposed is suitable for the 
design of horizontally curved box girder bridges. It 
contains nine degrees of freedom and allows to 
consider axial forces, bending moments, torsion, 
warping torsion and distortion.  

Properties of the section are based on the 
curvature of the beam and include local effects due 
to wall deformations. A procedure to obtain 
warping functions for torsion and distortion by 
mean of FEM has been described also. 

The formulation of the element has been 
explained, including the way to model 
intermediate diaphragms. Stress resultants have 
been obtained and may be used for the structural 
design according to EC or AASHTO for instance, 
making the element suitable for bridge design.     

Finally, it has been shown that results obtained 
with the proposed element have a good correlation 
with shell elements calculations. 
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Abstract 
The prioritization of repair and rehabilitation efforts for concrete infrastructure is typically informed 
by damage observed during routine field inspections. Field observations are qualitatively 
categorized into condition states based on pre-established measurement limits that do little to 
account for the member-specific details that affect structural behaviour. As a result, conventional 
strategies do not typically provide reliable, quantitative predictions about the implications of 
observed damage. Several mechanics-based approaches for the assessment of shear-distressed 
reinforced concrete structures have been proposed within the last decade. This paper presents an 
overview and brief comparison of two assessment procedures. Ultimately, this research aims to 
develop recommendations for refined numerical procedures that assist infrastructure renewal 
experts to successfully manage the existing infrastructure inventory. 
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1 Introduction 
There is a growing inventory of aging and degrading 
reinforced concrete infrastructure [1–3], and the 
number and range of efforts required to maintain 
this infrastructure are similarly increasing [1]. The 
challenge of assessing this infrastructure is often 
exacerbated due to out-of-date design and 
detailing practices, which typically fall outside the 
scope of modern design code recommendations 
[4]. Additionally, the production of construction 
materials accounts for approximately 10% of global 
carbon emissions [5]. As a result, the successful 
management of existing infrastructure plays an 
important role in promoting sustainable 
engineering practices. For example, extending the 

service-life of structures that are at intermediate 
stages of distress is typically a more cost-effective 
and sustainable approach for bridge preservation 
than focusing solely on the replacement of bridges 
with “poor” condition ratings (i.e., avoiding a 
“worst-first” strategy) [6]. 

Structures are commonly rated based on visual 
defects, such as cracking [7–10]. Generally, these 
rating methods are qualitative (e.g., good, fair, 
poor, or severe), and they rely on broad 
measurement ranges for assessing relative damage 
levels (e.g., a crack width between 0.3–1.0 mm is 
commonly considered moderate). Additionally, 
many guidelines recommend penalizing strength or 
stiffness for capacity load rating [11–13]. These 
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