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ABSTRACT 
 

Riveted bridges are ancient metallic structures that have been subjected to a long operational period, with increasing 
traffic loads and intensity. The fatigue damage levels experienced by these structures may be significant. S-N 
approaches are usually used to assess these structures. However, Fracture Mechanics and local strain approaches are 
gaining an increasing interest. The application of these alternative approaches requires detailed stress/strain analysis 
of the riveted connections, which demands considerable computation resources.  This paper proposes an integrated 
CAD/FEA methodology for stress analysis of joints from reticular structures, based on a sub-modelling approach to 
mitigate the need for extensive computational resources. Detailed local three-dimensional solid finite element models 
of the joints are proposed, the respective boundary conditions being derived automatically from a global beam model 
of the structure. The procedure is demonstrated for the Trezói riveted railway bridge. The procedure to carry out a 
detailed stress analysis of a significant joint of the bridge for a moving train loading is illustrated.       
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1.  INTRODUCTION 
 
Today, riveted steel bridges are, mostly, centenary 
structures. The life time of this structures have been 
extended to respond to economical concerns, although, 
changes on traffic loads along the years, have exposed 
these structures to different overloads from that 
originally considered in design. In addition to the 
utilization of those bridges under new load conditions, 
theirs original designs, generally of the end of the 19th 
century or the beginning of the 20th century [1] did not 
considered fatigue as a damaging mechanism. 
Therefore, these bridges are an important group of 
metallic structures very likely to present high levels of 
fatigue damage. Fatigue assessment studies of existing 
bridges are consequently important to assess the current 
fatigue damage state as well as to estimate the 
remaining fatigue life of those structures. Adequate 
analysis models are then required. The usual model is 
based on the so-called S-N approach, which requires 

the nominal stress evaluation on members under 
analysis, for comparison with the fatigue strength data 
[2]. 
 
Recently, research projects have proposed the use of 
Fracture Mechanics and strain-based local approaches 
[3, 4]. However, these approaches demand for 
considerable computing resources since they require 
detailed stress/strain analysis at the joint. To reduce 
these resources needs, sub-modelling techniques can be 
used to perform detailed stress/strain analysis using 
three-dimensional solid finite element models only at 
the joints of interest, while a global model of the 
structure, using beam or shell elements, is used to 
derive the boundary conditions of the detailed model [5, 
6]. 
 
In order to facilitate the application of the local 
methods for fatigue analysis of reticular structures, an 
integrated CAD system have been developed to build a 



geometric model of the structure, allowing specification 
and modification of geometry, boundary conditions, 
materials and sections. An exporting data module, that 
organizes the structure of the data in a compatible 
format with ANSYS® input [7], was developed and 
added to the global system. This module automates the 
exportation, for the finite element analysis, of the 
global structure data as the structure is submitted to 
multiple simulation scenarios (moving loads). In 
sequence, the system gathers the displacements results 
of a selected group of nodes for each one of the 
simulation scenarios. These results are organized in an 
ABAQUS® [8] input file, and are applied to the refined 
model of the selected structural connection. This 
methodology contributes to reduce the computational 
costs involved at the applications of the local 
approaches in the fatigue analysis of riveted bridges.  
 
The developed methodology is demonstrated for a 
riveted bridge, namely the Portuguese Trezói railway 
bridge. This bridge is probably one of the last riveted 
bridges built in Portugal. 
 
 
2.  DESCRIPTION OF THE PROPOSED 

METHODOLOGY 
 
In order to assist the application of the local methods to 
fatigue analysis of riveted bridges, an integrated CAD 
system has been developed to build the geometric 
model of reticular structures, using beam elements, and 
to manage and transfer data results to a local detailed 
solid finite element model, in the framework of sub-
modelling techniques in finite element analysis. 
  
To use the methodology, initially, a global model of the 
structure is built. This model represents the geometry of 
the structure. The system allows the definition, the 
application and the modification of actions, boundary 
conditions, materials and sections of each element of 
the model. A refined model with beam elements may be 
defined from the geometrical model, with automatic 
numbering of elements and nodes, and with a control 
that can recognize the original geometric elements and 
the refined elements obtained from that. With this 
functionality it is possible to refine only desired parts of 
the model.  
 
This CAD system was developed from a framework 
applied to automation and integration systems applied 
to the reticular three-dimensional structural project 
process [9]. The modules of the framework responsible 
for the data control and the graphical view of the 
structure were adapted for the specific necessities of the 
riveted bridges. The data structure of the system had 
been complemented with the specific data required by 
the ANSYS® software and new functionalities were 
added to the global system, in order to better represent 
the model generated by that software. Those 
functionalities were not existent at the original systems 

developed using the framework. The final methodology 
automates not only the construction of the three-
dimension reticular model of the structure but also the 
data export for the finite element analysis. An 
exporting data module was developed and added to the 
global system. This module organizes the structure of 
the data in compatible formats with the input for the 
ANSYS® and ABAQUS® software. The exporting 
data module automates the transportation of the global 
structure data, submitted to multiple loading scenarios 
(moving loads), for the finite element analysis at the 
software ANSYS®, and gathers the displacement 
results at a select group of nodes for the simulated 
several loading scenarios. This set of results is then 
written in an input file to be automatically applied at 
the refined model of the selected structural joint in the 
ABAQUS® software. 
 
The traffic loads may be simulated by the CAD system 
that automates, in an iterative way, the application of 
an array of loads along a set of elements chosen by the 
user. At each step, the loads are applied at a specific 
position distant for the previous step position by a value 
defined by the user. Each position of the loads 
corresponds to a load step defined at the ANSYS® 
software. 
 
After applying the traffic loads along the bridge, from 
typical trains, the system organizes and writes out the 
structural data to a file as well as the code that 
automates the finite element analysis process and 
gathers the displacements values at each load step, for a 
set of nodes selected by the user. The process may be 
repeated for different train types, with different 
distances between loads steps and different initial and 
final points of application. In order to obtain the critical 
load step, it is possible to refine the global structure 
defining the desired nodes near a structural joint and 
refine the application of the traffic load. After the 
simulation of the traffic loads at the structure, the 
system gathers the displacements for each node around 
the desired structural joint, at each load step. The 
displacements are written in an input file for the 
ABAQUS® software and are automatically applied to 
the refined model with solid elements of the analyzed 
structural join [5, 6]. The stress histories may then be 
evaluated for the traffic loads.  
 
The proposed methodology consists of an object 
oriented integrated system [10, 11, 12] developed from 
an application framework, REMFrame [9]. This system 
integrates a modeller model, the Geometric Modeller, 
designed as a CAD system that uses the graphic 
platform AutoCAD® [13, 14] as a graphic interface, 
with two external analysis systems: the software 
ANSYS® for the global analysis and the software 
ABAQUS® [8] for the local analysis. 
 
 
 



3.  A CASE STUDY: THE TREZÓI BRIDGE 
 
The proposed methodology was applied to model 
probably the latest riveted bridge built with riveted 
joints, the Trezói railway bridge, constructed at the 
Beira Alta line, in Portugal, just after the Second World 
War. The availability of the original drawings of the 
bridge and previous researches carried out on this 
bridge [15] allowed the construction of the Trézoi 
Bridge geometric model, with some precision.  

After constructing the geometric model of the bridge, 
the CAD system allows the definition and modification 
the actions (loads), boundary conditions, materials, 
sections and type of elements. The geometric model can 
then be transformed in a refined model, both with beam 
elements. A strict correspondence between the original 
geometric element and the refined elements generated 
is managed by the system, allowing successive refining. 
This functionality was used to define a set of nodes near 
the desired structural joint (see Figure 1). 
 

 

 
Figure 1. Geometric and refined models generated by the CAD system. 

 
After having defined the refined model it is possible to 
carry out sensitivity analysis and investigate multiple 
simulation scenarios by the application of different load 
cases of different load steps. This functionality allows 
the simulation of a train crossing the bridge. 
 
In the study of the Trézoi bridge, three types of trains 
were chosen, according to the Eurocode 3, respecting 
the actual maximum train speeds at the bridge: 90 and 
110 Km/h in different directions [15]. The chosen train 
types are: type 2 - a locomotive-hauled passenger train; 
type 7 - a locomotive-hauled freight train; type 11 - a 
heavy traffic with 250kN – axles [16] (see Figure 2). 
 
The CAD system allows the application of a train type 
through a set of consecutive selected elements, in a 
regular interval of load, generating different load steps. 
The refined model had to be modified at each load step 
to insert nodes just at the application point of the loads 

(see Figure 1).  Those modifications are iterative and 
automatic, managed by the developed CAD system. For 
each load step the model of structure is saved in an 
appropriate format allowing posterior recuperation (see 
Figure 3). 
 
After the application of a specific train type through all 
the bridge, the exporting module is automatically called 
to write the structural data with all the loads steps in 
the appropriate format required by the software 
ANSYS®. In sequence, the original model is 
recovered, allowing the application of other train types 
to the structure. 
 
The exporting file written by the CAD system in the 
APDL Language carry out not only the structural data, 
but has also some line commands to automate the 
analysis of the structure at the software ANSYS® (see 
Figures 4 and 5), as well as to gather the displacements 



and rotations at a set of nodes chosen by the user, 
writing them in a specific format at a ASCII file (see 
Figures 1 and 6). 
 
Using the same exporting module, the user can ask the 
system to read the deformations written at a specific file 
and to organize them in a input file, allowing the 
automatic application of a set of deformations to a 
specific node of a solid model, analyzed at the software 
ABAQUS® (see Figure 7). 
 

 
 
Figure 2. Train types (extract of European Committee 
for Standardization - EN1991-2 (2003). 

 
 
Figure 3. Load steps 2, 3, 4, 8 and 11 for train type 2, 
with 36m between steps. 
 
 

 
 
Figure 4. Analysis of the global structure: load step 11 
and boundary conditions 
 



 
 
Figure 5. Analysis of the global structure: deformed 
shape for load step 11. 

 
 
Figure 6. Nodal displacements of a user selection set of 
nodes near a structural joint. 
 
 

 
 

Figure 7 – Detailed FE solid model of a structural joint: Von Mises stresses. 
 
 
4.  FINAL REMARKS 
 
The presented methodology allowed the application of 
the sub-modelling techniques to the modelling of the 
Trezói Railway Bridge in Portugal. The analysis of this 
bridge has been carried out with the construction of two 
basic models: a global model of the structure with beam 
elements and a local model of the desired joint with 
solid elements. The developed integrated CAD system 

permits the construction and management of the 
structural data for the global model, as well as it 
automates the transportation of a huge quantity of data 
between different external systems: one utilized for the 
analysis of the global structure and other to the local 
analysis. The methodology contributed to reduce, 
significantly, the computing resources required to the 
application of the local approaches in the fatigue 
analysis of this riveted bridge, as also permitted the 



simulation of different load scenarios applied through 
all the bridge and allowed the automatic local analyses 
with the corresponding deformations of a set of nodes 
selected by the user through the structure.  
 
In the case study the application of the sub-modelling 
permitted the local approaches whit a low 
computational cost: the global model has only about 
600 nodes and 1000 beam elements, while the joint 
model has about 25 000 nodes and 85 0000 elements. A 
first simulation of the traffic load utilized a distance 
between positions of loads applications of 36m and 
generates 12 load steps through all the bridge, for the 
train type 2, 9 load steps for the train type 7 and 10 
load steps for the train type 11. For each train type and 
for each load step the deformations of eight nodes 
around a structural join in a principal beam in the 
central section were obtained from the software 
ANSYS® and transferred to the local model at the 
software ABAQUS® and all stages of the analysis runs 
in a single computer, with no special configuration. 
Actually new approaches have being done with narrow 
space between loads steps and with a large local model. 
Those new approaches are possible with a little work 
due to the use of the developed CAD system. 
 
The proposed integrated CAD system will be used in 
future works to assess the stress field histories at the 
main joints of the bridge. These stress histories will be 
used to assess the critical locations of the joint and the 
fatigue damage at those locations. The model presented 
in Figure 7 is a continuous model of the joint, however 
it is expected in future developments to include rivets 
in critical branches of the joint. 
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