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Abstract: For any bridge, the bearings are arranged such that the internal forces due to thermal, creep and shrinkage effects can
be minimized in the deck. A typical bearing arrangement for the straight bridges, releasing all the constrained internal forces
from the deck. The arrangement helps in the simplification and optimization of the deck design calculations. It is important to
note that the expansion joints at the ends A and C shall accommodate the longitudinal displacements due to thermal, creep, and
shrinkage considerations. Similarly, for the curved bridges, different types of bearing arrangements are possible based on the
following criteria, (i) to minimize the internal forces in the bridge deck and the bearings, and (ii) to avoid the translation of the
expansion joint across the traffic direction. The following are the bearing systems for the curved bridges, Radial bearing layout:
The bearings are oriented such that the translation in the bearings is allowed radially with respect to the fixed bearing as shown
in figure 4. This minimizes the internal forces in the bridge deck due to longitudinal actions (thermal, creep, and shrinkage
effects) and reduces the bearing forces but the expansion joint at the abutment has translation along and across the traffic

direction

L. INTRODUCTION
A 3-span continuous curved steel composite bridge, with each span measuring 40 meters, is modeled in MIDAS Civil to analyze the
effects of a temperature load of 40°C on the bridge's bearing systems. The temperature load is applied to evaluate how expansion
and contraction influence the bearings. The bridge's superstructure is represented as a grillage model using frame elements.
Longitudinal girders are used to simulate the composite stiffness of the deck, while transverse girders represent the transverse deck
stiffness. Constraints are applied at the bearing locations as per the specified bearing system. Node-local axes are defined to align
the support constraints in specific directions.
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Figure 1 Midas Model
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1. MODEL DETAILING’S
A. Model 01
Physical properties are same but the boundary condition changes and it is stated in two cases, as follows.

Table 1 Types of Cases
Casel Rigid Link

Case 2 Elastic Links

B. Codal Provision

For this thesis, ASC 11 code is considered for analysis, the bridge design adheres to the ASC Il (American Steel Construction II)
code, which provides detailed guidance on various aspects of structural design, including load types, boundary conditions, and
bearing systems. The code addresses primary loading conditions such as dead loads, live loads, wind loads, thermal effects, and
dynamic loads, ensuring the structure can withstand both static and transient forces.

Boundary conditions are carefully defined to represent realistic support constraints, including fixed, pinned, and sliding supports,
allowing for accurate simulation of the bridge's behavior under operational and environmental conditions. The design also
incorporates detailed specifications for bridge bearings, which accommodate movements due to thermal expansion, contraction, and
structural deformation, while ensuring stability and load transfer between the superstructure and substructure. These considerations
align with the ASC 11 code's requirements for safety, serviceability, and durability.

1. COMPARATIVE TABLES
A. Comparative Table for the Maximum Reaction and the Node Number

Table 2 Comparative Table for the Maximum Reaction and the node number.

Maximum Reaction in local Rigid Link Elastic Links
(KN)
225.771958
221.625334
Node Number 625 682

e Key Observation: The maximum reaction force is slightly lower in the case with elastic links (221.63 kN) compared to the rigid
link case (225.77 kN), with the node numbers being 682 and 625, respectively.

B. Comparative Table for the minimum Reaction

Table 3 Comparative Table for the minimum Reaction

Minimum Reaction in local Rigid Link Elastic Links
(KN)

-2.184844 -13.248221
Node Number 4 3

o Key observation: The minimum reaction force in the local direction is more negative for the elastic links case (-13.25 kN)
compared to the rigid link case (-2.18 kN), with the node numbers being 3 and 4, respectively.
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C. Comparative Table for the Maximum Deformation (mm)

Table 4 Comparative Table for the Maximum Deformation (mm)

Deformation Rigid Link Elastic Links
49 428912 49.445826
Node Number 4 6

e Key Observation: The deformation in the elastic links case (49.45 mm) is slightly higher than in the rigid link case (49.43 mm),
with the node numbers being 6 and 4, respectively.

D. Comparative Table for the Minimum Deformation (mm)

Table 5 Comparative Table for the Minimum Deformation

Deformation at traffic across direction | Rigid Link Elastic Links
(mm)

0 0.504651
Node Number 5 5

e Key Observation: n the elastic links case, the deformation at the traffic across direction is 0.504651 mm, while it is 0 mm in the
rigid link case, with both occurring at node 5.

E. Comparative Table for the Maximum and Minimum Truss force (mm)

Table 6 Comparative Table for the Maximum and Minimum Truss force (mm)

Rigid Link Elastic Links
Maximum Force (KN) -151.61848 -253.74411
Element Number 14 29
Minimum Force (KN) -37.805567 -21.762756
Element Number 15 22

e Key observation: In the comparison of maximum forces, the rigid link case shows a maximum force of -151.61848 kN at
element 14, whereas the elastic links case shows a higher maximum force of -253.74411 kN at element 29. For minimum
forces, the rigid link case shows -37.805567 kN at element 15, while the elastic links case shows -21.762756 kN at element 22.
The elastic links case demonstrates both higher maximum and minimum forces compared to the rigid link case.

F. Maximum and Minimum Beam forces, moment and torsion in Rigid Link

Table 7 Maximum and Minimum Beam forces, moment and torsion in Rigid Link

Axial Shear-y | Shear-z Torsion Moment-y Moment-z
(kN) (kN) (kN) (KN-mm) (KN-mm) (KN-mm)

Element Load Part
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G. Maximum and Minimum Beam forces, moment and torsion in Elastic Link

Table 8 Maximum and Minimum Beam forces, moment and torsion in Elastic Link
Axial Shear-y Shear-z Torsion Moment-y Moment-z
(kN) (kN) (kN) (KN-mm) (KN-mm) (KN-mm)

Elem | Load Part

o Key Observation: The elastic link case has higher maximum axial force and torsion compared to the rigid link case, but the
rigid link case exhibits much higher maximum moment-y and shear forces.

V. CONCLUSION

The results of this analysis indicate that rigid links provide higher resistance to thermal deformation, leading to greater reaction
forces and lower displacement. These characteristics make rigid links more suitable for applications where stiffness and minimal
deformation are critical. Conversely, elastic links offer increased flexibility, resulting in higher axial forces, moments, and torsion.
This flexibility allows them to absorb and redistribute forces more effectively, which can be advantageous in dynamic conditions or
structures where deformation is allowed or desired. Ultimately, the decision between using rigid or elastic links should be based on
the specific needs of the structure. Rigid links are better suited for situations where minimal displacement and maximum stiffness
are required, while elastic links may be preferable in conditions where flexibility and the ability to adapt to thermal expansion are
more important. Further testing and optimization could refine the application of these findings to real-world structural designs.
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