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ABSTRACT 

Bridge piers with adequate seismic capacities are considered vital to bridge construction in countries 
with potential earthquake threats. In order to improve bridge-pier efficiency, the authors here developed a 
new design concept that integrates double steel tobes with tie rods filled in to various heights with. 
concrete to form partially-filled sandwich box columns. This stody is focused on evaluating the ductiJity 
of such members. Sixteen specimens with various tube widthltbickness ratios and in-filled concrete 
heights were tested under combined cyclic loading. Test results showed that the ductility ratios of 
partially-filled sandwich box columns fell between 5 and II, greater than that required by design codes. 
Experimental information was also used to determine optimal concrete in-fill heights and to establish 
design guidelines. 
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INTRODUCTION 

Bridge piers with adequate seismic capacity are considered vital to bridge construction in countries 
with potential earthquake threats. Since bridge systems are usually designed with less structural 
redundancy than buildings, bridge piers must possess sufficient strength and ductility to enable the bridge 
systems to sustain major earthquake damage without failure. Hollow steel box piers possess high strength 
and significant ductility and are frequently used in bridge constructions in urban areas and in areas of high 
seismic activity. However, the large widthltbickness ratios of steel box pier wall plates make them 
suseeptible to loea! buckling which hampers the members' performance when subjeeted to major 
earthquake stresses. Buckled steel box piers exhibit significant deteriorations in strength, stiffness and 
energy dissipation capacity during post-buckling stages. In order to improve the seismic performance of 
such designs, the steel box piers are usually fully or partially filled with concrete, to form new structural 
systems called concrete-filled tubes (CFTs). 

CFTs have been recognized as efficient structural forms for earthquake-resistant designs (Ge and 
Usami, 1992; Usami and Ge, 1994) b'Xause thcy provide sufficient strength with comparatively smaIJ 
dimensions, which reduces the structural weight required to support superstructures while simultaneously 
maintaining siguificant ductility. The CFT design concept can be justified by its ductility performance 
and efficient strength/mass ratio. However, when CFT designs are used in constructions with extremely 
heavy loads and in high-elevation bridge constructions, the pier columns must be extremely heavy thus 
diminishing the efficiency of the design. In order to maintain design integrity, the authors (Hsu and Lin, 
1999) have proposed a new design concept that integrates double steel tubes and concrete with tie rods to 
form hollow sandwich box columns. This stody demonstrates that the proposed sandwich box columns 
are stronger and possess higher strength/mass ratios than the traditional CFT members with similar 
dimensions. Test results also show that the faiJnre mechanisms of the sandwich box columns are 
composed of plastic hinges due to bending moments at the bottoms of the columns while the remaining 
column lengths are undamaged throughout the loading process. 

Considering the ratios between member strength and the bending moment due to lateral forces' along 
the members, as shown in Figure I, the upper portions of the piers are actually over-strong. Therefore, the 
pier column designs will be more efficient if the section rigidities of the piers can be adjusted according 
to the maguitudes of expected earthquake-induced moments. However, for practical purposes, the section 
rigidities along the pier columns cannot be continuous; therefore, filling to various heights with concrete 
between the double steel tubes to form partially-filled sandwich box columns to achieve greater design 
efficiency is more desirable. A further benefit is that using partially-filled sandwich box cohnnns cAn be 
























