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Abstract

Finite Element Modeling (FEM) plays a crucial role in accurately simulating the structural response of bridges when subjected to 
design actions such as traffic loads, seismic forces, wind, thermal effects, etc. In modern engineering practice, advanced numerical 
modelling techniques are available, offering a wide range of options depending on the type of verification required and the expected 
results. Sometimes, engineers may adopt either an excessive level of simplification or an unnecessary degree of detail, depending 
on their confidence in numerical analyses, without fully appreciating the effects and implications that the chosen modelling criteria 
have on the results. This study explores the role of different modelling criteria in the safety assessment of girder bridge decks 
subjected to non-seismic actions (such as. traffic and wind actions). The study is performed considering two case studies 
characterised by different span length, deck width and slab thickness. Effects of modelling criteria in terms of stress resultants on 
beams and transverse load distribution are presented and discussed, demonstrating the importance of a suitable modelling of the 
slab with significant thickness.
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1. Introduction

In recent years, the management of existing bridges has become a topic of growing relevance in Italy and across 
Europe. Following the collapse of the Morandi Bridge, the Italian Ministry of Infrastructure and Transport issued the 
Guidelines for the classification and management of risk, the safety assessment and monitoring of existing bridges 
(MIT. 2020. D.M. n.578 of 17.12.2020). The purpose of these Guidelines is to define the procedures for classification, 
safety assessment, and monitoring of existing structures. The Guidelines represent a substantial advancement by 
addressing the gaps in the current Italian standards concerning bridges and the assessment of their safety (F. Gara et 
al., 2024). Since their publication, several studies have investigated, for instance, defect assessment (Ranaldo et al., 
2024a; Lo Monaco et al., 2024) and the estimation of the mechanical properties of materials used in bridges with 
prestressed concrete beams, including both pretensioned and post-tensioned members (Ranaldo et al., 2024b). 
Conversely, the effects of numerical modelling assumptions on the accuracy of the structural response have been less 
investigated, despite they play a decisive role in safety assessment (De Matteis et al.,2023), as they govern the accuracy 
of the predicted response and the feasibility of the analysis in professional practice. Sometimes, engineers tend to 
either adopt an excessive level of simplification or an unnecessary degree of detail, depending on their confidence in 
numerical analyses, without fully appreciating the effects and implications of such assumptions on the results. 

Therefore, the present study aims to analyze different modelling strategies for reinforced and prestressed 
reinforced concrete (RC) girder bridges, evaluating their efficiency in capturing the distribution of stress results in 
beams as well as the transverse load distribution capability of the deck, which is given not only by transverse cross-
beams but also by the concrete slab that may play a crucial role depending on its thickness. In detail, two case studies, 
characterised by a different geometry and selected to represent typical decks of simply supported bridges in Italy, are 
analysed and modelled with an increasing level of accuracy. The increasing modelling complexity foresees: (i) a 
simplified model consisting only of beams and cross-beams arranged in the same plane (Base Model, or Model 1); (ii) 
a beam model with elements located at their centroidal axis, where transverse load distribution is also provided by the 
deck slab modelled through beam elements (Intermediate Model, or Model 2); and (iii) a more refined model in which 
girders and cross-beams are represented by beam elements, while the slab is modelled using shell elements (Refined 
Model, or Model 3). 

Effects of modelling assumptions, in terms of stress resultants on beams and transverse load distribution capability, 
are presented identifying the simplest modelling level that preserves the accuracy required for professional 
applications and discussing the importance of a suitable modelling of the slab with significant thickness.

2. Case studies

The first Case Study (CS1, Fig. 1a) consists of a simply supported two-lane carriageway bridge with a span length 
of 32 m and a deck width of 12.4 m. Each deck is constituted by four Prestressed Reinforced Concrete (PRC) beams, 
connected by four PRC cross-beams and a 20 cm thick slab, partially cast in situ. Girders have a T-shaped cross 
section, whose web tapers at 1.6 m from the supports (Fig. 1b) and have an half-joint configuration. The slab is 
partially precast since it is constituted by the upper flanges of girders, connected by an in situ cast integrative slab, 
whose length depends on the beam spacing. 

(a) (b)
Fig. 1.(a) Longitudinal view of CS1 and detail of girder geometry at the support (B-B) and at mid-span (C-C)
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The composite action among girders is also guaranteed by transversely arranged prestressing tendons along the 
deck at the level of the slab.  Finally, the cross-beams support the slab acting as a composite cross-section.

The second Case Study (CS2, Fig. 2) is a nine spans viaduct with lengths from 19.3 m to 24 m, and a deck width 
of 9.80 m. The viaduct is characterised of eight Reinforced Concrete (RC) frame piers, each comprising four square 
cross-section columns connected by one or more levels of tie beams (Fig. 2a). The piers embed a portion of the deck, 
which is completed by simply-supported sections within the piers. Overall, the superstructure is composed of four 
rectangular RC beams supported with half-joints and transversely connected by four rectangular RC cross-beams. The 
deck is completed with an approximately 40 cm thick slab (Fig. 2b). 

The present study focuses on a single representative simply supported deck extracted from the case studies, both 
characterised by 4 longitudinal girders and 4 cross-beams (2 at supports and 2 at mid-span). The main differences 
between the bridge decks are summarized in Table 1.Table 1 It is worth noting that the modelling of half-joints as 
well as of the prestressing system is not relevant for the purposes of this research which focuses on the stress resultants 
distribution along the girders and the transverse load distribution capability. 

Table 1. Main differences between the two CSs

CSs main details CS1 CS2

(i) slab thickness (t) 0,20 m 0,40 m

(ii) length spans (l) 32,00 m 19,32 m

(iii) cross-beams spacing (ds) 11,50-9,00-11,50 m 8,00-5,00-8,00 m

(iv) beam spacing (db) ≈ 2.90 m ≈ 2.50 m

(v) beam geometry (gb) variable constant

3. Modelling criteria

The study is performed with a stepwise modelling approach, considering progressive refinement in the modelling 
of the girder deck. This refinement influences especially the transverse load distribution, although secondary effects 
arise from other factors, such as the relative eccentricity between elements and the eccentricity of the supports, which 
are progressively taken into account by increasing the level of detail.

In particular, for both CSs three different models are carried out, using the Midas Civil software. Model 1 (Base 
Model) only involves the modeling of girders and cross-beams as beam elements positioned in the same plane. In this 
model the eccentricity between components is not considered as shown in Fig. 3a. The slab collaborates with the 
longitudinal girders only in terms of flexural stiffness, whose contribution is taken into account by considering the 
effective width of the slab in the cross-section modelling of beams. Therefore, the transverse load distribution is 
exclusively provided by the crossbeams, neglecting the contribution of the slab.

(a) (b)
Fig. 2.(a) Longitudinal view of CS2 and (b) geometric details
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(a) (b) (c)

Fig. 3. Wireframe and extruded views of (a) Model 1, (b) Model 2 and (c) Model 3 for CS2

In Model 2 (Intermediate Model), the arrangement of the structural elements reproduces their actual position 
through the introduction of offsets between components. The key difference is the inclusion of the slab contribution 
to transverse stiffness, modelled by suitable spaced beam elements as shown in Fig. 3b. Moreover, the supports are 
modelled at their actual locations, with rigid links used to account for their eccentricity with respect to the deck. 

Finally, Model 3 (Refined Model) provides a more realistic representation of the bridge deck. Specifically, as for 
the Model 2, the actual position of the structural components is reproduced by modelling the elements along their 
centroidal axes, with rigid links accounting for the corresponding eccentricities, as illustrated in Fig. 3c. Another 
important difference is that the slab is modelled in its actual position by using a refined shell elements grid; this allows 
to take into account more rigorously the shear-lag effect that depends on the slab thickness and the load distribution. 

Due to the higher level of modelling detail, Model 3 is expected to provide the most realistic prediction of the 
structural response and therefore it is adopted as the benchmark model for comparisons. In the present work, the 
transverse distribution capability is evaluated starting from the bending moment (My) distribution along the 
longitudinal beam. Therefore, as previously stated, the presence of half-joints and prestressing is not relevant. As for 
the model mesh, only the spacing of the transverse beams simulating the slab in Model 2 and the shell dimensions in 
Model 3 can play a significant role. Preliminary analyses are considered to define the previous two models avoiding 
mesh dependent results. In detail, all models adopt a mesh spacing of approximately 0.5 m.

4. Results

The results are organized into two parts: a preliminary investigation of the transverse load distribution, aimed at 
assessing the load-transfer mechanism across the bridge deck (§4.1), and the static analysis of the CSs under the 
Ultimate Limit State (ULS) load conditions prescribed by the Italian Building Code (NTC 2018) (§4.2).

4.1. Transverse load distribution capability 

In order to compare the different transverse load distribution capability of the three modelling criteria, a static load 
case is considered. Specifically, a unit uniformly distributed linear load is applied to the edge beam (T1 in Fig. 4), 
which, in view of the transverse distribution of traffic loads, represents the member of greatest interest for verification 
purposes. The chosen load condition, adopted instead of the fundamental combination typically used for ULS safety 
assessment, enables the transverse behavior of each model to be examined while avoiding effects arising from the 
different transverse and longitudinal load distributions, which is typical of each model and CS considered. Indeed, the 
two CSs are characterised by the different number of lanes and their positions with respect to the beam axes, by the 
different amount of the remaining areas, and by different areas of influence which must be considered for distributing 
the movable load over each deck. In addition, the latter areas are also a function of the modelling strategy.

By referring to the mid cross-section, the transverse load distribution capability for the i-th beam is quantified by 
means of the transverse distribution factor 𝑟𝑟𝑖𝑖, defined as the ratio between the resulting bending moment Mi at mid-
span of the i-th beam, and the sum of bending moments in all beams at the same longitudinal cross-section:
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𝑟𝑟𝑖𝑖 =
𝑀𝑀𝑖𝑖

∑ 𝑀𝑀𝑖𝑖𝑖𝑖
(1)

Fig. 4 plots the transverse distribution factor obtained from all the models and for both the CSs. For CS1, it can be 
observed that, despite the substantial differences in modelling assumptions, all models exhibit an almost identical 
response, denoting that the key role in the transverse load distribution is played by the cross-beams, while the slab is 
almost negligible. In addition, a rigorous modelling of the beams centroids is of less importance. On the contrary, for 
CS2 the transverse load distribution is more influenced by the modelling criteria. In particular, Model 1 is the least 
efficient in the transverse distribution of loads whereas Model 3 is the most performant one. The higher sensitivity of 
this CS to the beam-slab interaction is reasonable due to the higher slab thickness-beam spacing ratio t/db (0.16 for 
CS2 versus 0.07 for CS1), providing a pronounced load redistribution when a more refined criterion is adopted. Table 
2 summarizes the distribution factors obtained from the analyses.

(a) (b)
Fig. 4. Transverse distribution factors obtained for (a) CS1 and (b) CS2

Table 2. Distribution coefficients (𝑟𝑟𝑖𝑖) for CS1 calculated for the different numerical models 
CS/Model T1 T2 T3 T4

CS1/Model 1 0.609 0.351 0.128 0.089
CS1/Model 2 0.593 0.343 0.137 -0.074
CS1/Model3 0.614 0.349 0.126 -0.089
CS2/Model 1 0.645 0.332 0.098 -0.075
CS2/Model 2 0.574 0.347 0.138 -0.059
CS2/Model3 0.454 0.312 0.172 0.062

Fig. 5 shows diagrams of bending moments obtained in all the beams of CS1 and CS2, named T1, T4, T3 and T4. 
By assuming the results of Model 3 as reference, the efficiency of Model 1 and Model 2 in capturing the actual load 
distribution capability of the deck is compared by normalizing bending moments with respect to the maximum value 
in beam T1 of Model 3, measured at midspan. As for CS1, diagrams confirm the limited contribution of the slab to 
the transverse distribution load mechanism, as well as the almost identical efficiency of Model 1 and Model 2 with 
respect to the benchmark Model 3. Conversely, for CS2, diagrams reveal that Model 2 is able to provide a satisfactory 
estimation of bending moments in T1 (i.e. for T1 the normalized bending moment is almost one), while the bending 
moment obtained from Model 1 is 20% higher than the benchmark value (i.e. for T1 the normalized bending moment 
is 1.2); in addition, it is worth noting that Model 1 and Model 2 show the same efficiency in capturing bending moment 
in the remaining beams (from T2 to T4), as demonstrated by the values of the normalized bending moments.

4.2. Distribution of bending moments on beams at ULS

In order to provide an insight of practical interest, the comparison of the models has been extended to include the 
bending moments associated with the fundamental load combination prescribed by the Italian building code NTC 
2018 (§2.5.3), which is commonly used for the ULS safety checks. For the applications, the traffic load is assumed as 
the primary action, considering Load Model 1 (NTC 2018, §5.1.3.3.3), while the wind action is assumed as secondary 
load. Similarly to Fig. 5, Fig. 6 presents a comparison of the bending moments normalized with respect to the 
maximum midspan bending moment of beam T1 obtained in Model 3, again assumed as reference. As for the CS1, a 
good agreement among the different modelling approaches is also observed under the ULS load combination. 
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Focusing on the most loaded beam, Model 1 proves to be the most conservative for verification purposes, exhibiting 
a midspan bending moment ratio greater than 1. 

(a)

(b)

Fig. 5. Comparison of normalized bending moments for a uniform distributed load on T1 for (a) CS1 and (b) CS2

(a)

(b)

Fig. 6. Comparison of normalized bending moments for the ULS combination for (a) CS1 and (b) CS2
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(a)

(b)

Fig. 7. Comparison of normalized bending moments under uniform distributed and ULS load on T1 for (a) CS1 and (b) CS2

As for the CS2, as already observed, its geometric properties make it more sensitive to the modelling criteria. Also, 
the normalised bending moments in Model 1 and Model 2 are always higher than the Model 3 one, assumed as 
reference. This result is due to the fact that the Model 3 better describes the transverse load distribution, since the 
bending moments of the beams are closer (Fig. 6). The greater flexural stiffness of the slab distributes the applied load 
more evenly among the beams reducing, consequently, the load and bending moments on the beam T1. 

To clarify the above discussion, Fig. 7 presents a comparison of the bending moments of beam T1, normalised 
with respect to the maximum value obtained with the Model 3. The comparison is carried out for both the unit load 
case and the ULS load combination (the latter plotted in Fig. 6), for case studies CS1 and CS2, respectively. With 
reference to the CS1, since the bending moment ratio is about equal to 1 for both load configurations, the results show 
a substantial equivalence between the simple models, that are Model 1 and Model 2, and the Model 3. With reference 
to the CS2, bending moment ratios are always greater than 1, as proof of the fact that in the Model 3 the contribution 
of the transverse load applied and, therefore, the bending moments are lower with respect to the Model 1 and Model 
2.

5. Conclusions

The role of different modelling assumptions as well as model detailing on the static response of girder decks 
subjected to non-seismic actions has been investigated in this work with reference to two case studies, characterised 
by different span length and geometries. The main difference between the two case studies concerns the ratio between 
the slab thickness and the beam spacing, which differs by approximately one order of magnitude for the two case 
studies and is responsible for the different contribution of the slab on the transverse load transfer mechanisms.

Three modelling criteria are considered, differing in their level of detail, especially in the accuracy of slab 
modelling and its impact on capturing the transverse load distribution: (i) a base model, Model 1, in which the slab 
contributes only to the longitudinal stiffness of girders, (ii) an intermediate model, Model 2,  in which the transverse 
collaboration of the slab is simulated through suitably spaced transverse beams, and (iii) a refined model, Model 3,  in 
which the slab is modelled as shell elements. The performance of the three models in capturing the distribution of 
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loads among the structural members is assessed with both reference to a uniform line load applied on the edge beam 
of the girder deck and the load configuration at ULS for non-seismic actions, which is governed by traffic loads, 
distributed over the deck according to the influence areas. 

With regard to the line load, the simplified models (e.g. Model 1 and Model 2) lead to conservative results 
in terms of bending moment on beams when compared with the Model 3. In addition, as expected, the model detailing 
appears to be significant only if the contribution of the slab on the load distribution mechanisms is relevant due to the 
significant stiffness. Consequently, greater differences between the adopted models are observed for the case study 
with the higher slab thickness-beam spacing ratio. For low values of the slab thickness-beam spacing ratio slight 
differences among the results of the three models are obtained and the base model (Model 1) proves adequate for 
estimating stress resultants in the beams for safety assessment purposes.

In conclusion, the modelling criteria may significantly affect the safety assessment depending on the geometry and 
slab thickness-beam spacing ratio of the girder deck. 

In future additional studies will be conducted according to parametric schemes, by varying the slab thickness and 
the beam spacing in order to assess the influence of the different modelling strategies as a function of these parameters.
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