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ABSTRACT 

This manuscript presents a detailed investigation of bridge pier behavior under lateral loads using finite 

element analysis (FEA) techniques available up to 2016. The study models reinforced concrete piers 

subjected to seismic and wind-induced forces, emphasizing material nonlinearities, geometric effects, 

and boundary conditions consistent with engineering practices circa 2016. Two representative case 

studies—a typical highway overpass pier and a river-crossing pier—are analyzed using ANSYS 

Mechanical 15.0 and Abaqus 6.14 to validate modeling approaches. The methodology outlines mesh 

generation strategies, element selection, material constitutive models, and load application procedures. 

Results highlight stress distributions, displacement patterns, and failure mechanisms, demonstrating 

the influence of reinforcement detailing and soil–structure interaction. Conclusions draw 

recommendations for design optimization and future research within the technological scope up to 2016.  
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INTRODUCTION 

Bridge piers serve as fundamental vertical load–bearing elements and must resist lateral forces from 

earthquakes and wind. Historically, empirical formulas and simplified frame models dominated pier design; 

however, the advent of FEA tools in the early 2000s enabled more precise simulations. By 2016, widely 

adopted FEA packages such as ANSYS Mechanical 15.0 (Swanson, 2015) and Abaqus 6.14 (Dassault 

Systèmes, 2014) offered advanced capabilities for capturing nonlinear behavior of concrete and steel 

reinforcement. Yet, discrepancies remained between simplified design codes and detailed numerical 

predictions. This research aims to bridge that gap by conducting comprehensive FEA of two representative 

piers, demonstrating how modeling decisions—mesh density, element type, constitutive laws—affect 

predicted responses under lateral loading scenarios relevant to seismic zones and high-wind regions. The study 

confines technology choices to those publicly available by December 2016, deliberately omitting features 

introduced later. 
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Fig: Bridging the gap in pier Design with FEA 

CASE STUDIES  

 

Case Study 1: 

 Highway Overpass Bridge Pier. A typical AASHTO-Type 3 reinforced concrete pier (height 10 m, cross-

section 1.2 m × 0.8 m) is modeled. Longitudinal reinforcement consists of eight #8 bars, transverse ties at 200 

mm spacing, concrete grade C30/37 (compressive strength 30 MPa), and reinforcing steel grade S500 (yield 

strength 500 MPa). The pier rests on a spread footing embedded in medium‐stiff clay (Young’s modulus 25 

MPa). Lateral seismic loading is derived from a peak ground acceleration of 0.3 g, applied as an equivalent 

static load per UBC 1997 provisions.  

Case Study 2:  

River-Crossing Bridge Pier. A slender concrete pier (height 15 m, cross‐section 1.0 m × 0.6 m) with bundled 

#6 reinforcement and 150 mm‐spacing ties is considered. The substructure comprises a single-pile cap 

supporting three 0.8 m‐diameter bored piles of length 25 m in dense sand (E = 45 MPa). Wind loading is 

applied as uniform lateral pressure equivalent to a 50 m/s gust per Eurocode 1. Both piers are modeled 

including soil springs (Winkler approach) to simulate soil–structure interaction. 
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METHODOLOGY 

Model Setup and Preprocessing. Geometries were created in ANSYS DesignModeler 15.0. The concrete pier 

and reinforcement bars were represented as distinct parts, enabling separate mesh controls. For Abaqus 6.14, 

models were imported via IGES and partitioned similarly. Mesh Convergence. A mesh refinement study was 

conducted for element sizes ranging from 50 mm to 200 mm. Solid 186 elements (20‐node hexahedron) were 

used for concrete in ANSYS; in Abaqus, C3D20R elements (20‐node quadratics with reduced integration) 

were selected. Reinforcement was embedded using “embedded region” techniques, ensuring nodal 

compatibility without multi‐body contact overhead. Constitutive Models. Concrete was modeled with a 

nonlinear damage model: in ANSYS, the Concrete Damaged Plasticity (CDP) plugin available in version 15.0 

was used, relying on tensile cracking and compressive crushing criteria (Lee & Fenves, 1998). Abaqus 

employed its built‐in Concrete Damaged Plasticity model (Lubliner et al., 1989). Steel reinforcement followed 

an elastic‐plastic model with isotropic hardening. Soil–Structure Interaction. Soil springs were defined using 

nonlinear axial spring elements (COMBIN39 in ANSYS; SPRING2 in Abaqus) with stiffness curves 

calibrated per Bowles (1996). Boundary Conditions. The pier base was connected to the soil springs; lateral 

displacement was restrained only through the springs while vertical translation was fixed at the pile tips/spread 

footing bottom. Loading Protocol. Static equivalent lateral loads were applied incrementally. Seismic loads 

used pushover analysis in two orthogonal directions; wind loads applied as uniform lateral pressures on the 

concrete surface. Solution Controls. Nonlinear static analysis with load stepping (25 steps) and automatic time 

stepping ensured convergence. Newton–Raphson iterations were limited to 20 per step, with a tolerance of 1e-

4. 

RESULTS 

Stress Distribution. For the highway overpass pier, peak compressive stresses reached 28 MPa near the 

footing–pier junction under seismic loading, while tensile stresses at the leeward face triggered crack initiation 

per the CDP cracking criterion. Abaqus results showed similar peak values within 3% difference, validating 

model consistency. The river-pier case exhibited a maximum bending moment of 550 kN·m at mid‐height 

under wind loading, translating to tensile stresses of 9 MPa in concrete and yielding of reinforcement at 510 

MPa at the seaward face.  

Displacement Patterns. The highway pier lateral displacement at the top reached 35 mm under seismic loads, 

matching simplified frame‐element predictions within 10%. Soil spring flexibility accounted for 15% of the 

total displacement; ignoring SSI would underpredict displacement by 20%. For the river pier, top displacement 

under wind load was 45 mm, with pile cap rotation of 0.4°.  

Crack Propagation and Failure Modes. The Concrete Damaged Plasticity model predicted crack widths up to 
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0.25 mm in critical regions; tie spacing influenced crack localization. A parametric study reducing tie spacing 

from 200 mm to 150 mm decreased maximum crack width by 18%.  

Comparison of Software Packages. ANSYS and Abaqus predictions diverged by less than 5% for global 

responses, confirming reliability of either tool for 2016 engineering applications. 

CONCLUSION 

Finite element analysis conducted using ANSYS Mechanical 15.0 and Abaqus 6.14 provides detailed insights 

into bridge pier performance under lateral loads, capturing material nonlinearities, geometric effects, and soil–

structure interaction within the technological scope up to 2016. Key findings include the significant influence 

of soil flexibility on displacement, the critical role of tie spacing in crack control, and close agreement between 

independent FEA platforms. Recommendations for practice include incorporating SSI effects in design 

checks, optimizing reinforcement detailing for crack mitigation, and validating simplified models against FEA 

results. Future research (within 2016 limits) should explore dynamic FEA under time‐history seismic records 

and extend parametric studies to varying concrete grades and pile configurations. 
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