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Analyses of Steel Bridge Circular Columns using Fiber Model 
considering Local Buckling 

 
 

Kinoshita, K.1 

  
 

Abstract: One of the most concerned problems for analytical estimation of ultimate strength 
and ductility of steel bridge columns is the consideration of local buckling. Stress-strain curves 
with softening behavior to include local buckling in fiber model analysis method were proposed 
by several researchers. However, accuracy of those models is still relatively low. As a 
consequence, most steel bridge designs have been done using fiber model analysis method 
without consideration of local buckling. In order to improve the analytical response estimation of 
steel bridge columns, a fiber model analysis method considering local buckling is proposed in this 
study. In this method, multi-fiber elements were used to model the local buckling length to 
simulate local buckling deformation. The proposed method shows good results not only for 
estimating peak strength but also post-peak strength compared to previous experimental 
results. However, further research should be directed to improve the accuracy of the deformation 
modes. 
 
Keywords: Fiber model, local buckling, steel bridge circular columns. 
  

 
 

Introduction   
 
Consideration of local buckling on analytical 
estimation of ultimate strength and ductility of steel 
bridge columns is one of the important lessons 
learned from severe bridge damage in past 
earthquakes (Figure 1). This local buckling was 
found in many different forms including variations 
from different column sections. 
 
In general, fiber model analysis is used for seismic 
evaluation of not only reinforced concrete columns, 
but also steel bridge columns. The earliest study by 
Park et al. [1] used the fiber model analysis for a 
reinforced concrete member. Following this study, 
the fiber model analysis was used and developed 
[2,3]. A recent study on the seismic performance of a 
reinforced concrete bridge column tested on the E-
Defense, which is a full-size, three-dimensional 
shake table in Japan, was reported by Kawashima et 
al. [4]. The study confirmed the accuracy of the fiber 
model analysis. For steel bridge columns, analytical 
studies using the fiber model analysis were reported 
by Watanabe and Sakimoto [5], Tokunaga et al. [6]. 
Moreover, for steel bridge columns with the 
consideration of local buckling, there are modeling 
techniques that include local buckling effects in the 
stress-strain curves of the plastic hinge zone, where 
local buckling is occurred.  
  
 
1Assistant Professor, Dept. of Civil Engineering, Gifu University, 
JAPAN. Email: kinosita@gifu-u.ac.jp 
 

Note: Discussion is expected before June, 1st 2014, and will be 
published in the “Civil Engineering Dimension” volume 16, number 
2, September  2014. 

Received 17 May 2013; revised 10 June 2013; accepted 14 August 

2013. 

 
(a) Circular Column 

 

 
(b) Box Column 

 

Figure 1. Damaged Steel Bridge Column, Kobe Earth-

quake, 1995 

 

Although the modeling techniques are not new and 

many suggestions have been made in previous 

studies [7-8], in practice, a common assumption in 

the analysis of steel bridge columns using fiber 

model is to ignore the local buckling. The Japanese 

Standard Specification for Seismic Design of Steel 

and Composite Structures [9] permits these 
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Effect of Rigidity of Plinth Beam on Soil Interaction of Modeled 
Building Frame Supported on Pile Groups 

 
 

Ravi Kumar Reddy, C.1 and Gunneswara Rao, T.D.1 
  
 

Abstract: This paper presents the effect of rigidity of plinth beam on a model building frame 
supported by pile groups embedded in cohesionless soil (sand) through the results of static 
vertical load tests. The effect of rigidity of plinth beam on displacements and rotation at the 
column base and also shears and bending moments in the building frame were investigated. In 
the analytical model, soil nonlinearity in the axial direction is characterized by nonlinear vertical 
springs along the length of the pile (-z curves) and at the tip of the pile (Q-z curves) while in the 
lateral direction by the p-y curves. Results revealed that, shear force and bending moment values 
which were back calculated from the experimental results, showed considerable reduction with 
the reduction of the rigidity of the plinth beam. The response of the frame from the experimental 
results is in good agreement with that obtained by the nonlinear finite element analysis. 
 
Keywords: Building frame, cohesionless soil, nonlinear analysis, plinth beam, soil structure 
interaction. 
  

 
 

Introduction   
 

The foundation resting on deformable soils under-

goes deformation depending on the rigidities of the 

foundation, superstructure and soil. However, the 

conventional method of analysis of framed structures 

considers bases to be either completely rigid or 

hinged. Hence interactive analysis is necessary for 

the accurate assessment of the response of the 

superstructure. Numerous interactive analyses have 

been reported in several studies [1-10]. Many nume-

rical works and comparative studies are available on 

pile foundation, but comparatively little experiment-

tal work [11] was reported on the analysis of framed 

structures resting on pile foundations to account for 

the soil-structure interaction. In this study, an 

extensive experimental investigation was carried out 

on the model pile groups supported plane frame with 

plinth beam of different rigidities. Pile groups are 

embedded in sand. The building frame is subjected 

to static loads (central concentrated load, uniformly 

distributed load and eccentric concentrated load). 

From the literature review, it is observed that the 

study of building frame supported by pile groups 

embedded in sand is not reported elsewhere. Hence 

the sand is taken for the study.  

  
 
1 Department of Civil Engineering, National Institute of Techno-

logy, Warangal, INDIA– 506004,  

Email: ravibecnitw@gmail.com 
 
Note: Discussion is expected before June, 1st 2014, and will be 
published in the “Civil Engineering Dimension” volume 16, number 
2, September  2014. 

Received 09 December 2012; revised 29 January 2014; accepted 02 

April 2014 

The need for consideration of soil interaction as well 
as rigidity of plinth beam is emphasized by 
comparing the behavior of the frame obtained from 
the experimental analysis with that of conventional 
method of analysis.  
 

Experimental Program 
 

Frame and Pile Groups 
 

Using the scaling law proposed by Wood et al. [12] 
and reproduced in Equation 1, the material and 
dimensions of the model were selected: 

    

    
   

 

  
 (1) 

 

where Em is modulus of elasticity of model, Ep is 
modulus of elasticity of prototype, Im is moment of 
inertia of model, Ip is moment of inertia of prototype, 
and 1/n is scale factor for length. An aluminum tube 
with an outer diameter of 16 mm and inner diameter 
of 12 mm was selected as the model pile with a 
length scaling factor of 1/10. This is used to simulate 
the prototype pile of 350 mm diameter solid section 
made of reinforced concrete. Columns of height 3.2 
m, beam of span 5 m and plinth beam of the plane 
frame were scaled in the same manner. Rigidity of 
plinth beam is varied by using 10x10 mm square 
bar, 8x8 mm square bar, 5 mm diameter round bar 
and 3 mm diameter round bar of aluminum. The 
rigidity values of plinth beams used in the study are 
tabulated in Table 1.   
 

Table 1. Rigidity of Plinth Beam 

S.No 
Size of the plinth 

beam 
Axial rigidity of plinth beam 

(x105 N) 
1 10 x 10 mm square 70.0 
2 8 x 8 mm square 44.8 
3 5 mm diameter 13.75 
4 3 mm diameter 4.95 
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