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Post-Tensioning: A Pioneer for Mitigating Earthquake Damage 

 

 Post-tensioning has been around for more than six decades and has changed the face of 

American building construction. First imported from Europe to be engineered into lift-slabs with 

button-headed wires, post-tensioning was initially used to reduce slab thickness and mid-span 

deflections. Problems soon arose with button-headed tendons. Steel shims exactly as long as the 

calculated elongation and the length of wires had to be exactly predetermined for proper 

construction. This button-headed tendon system was soon replaced by tendons using seven-wire 

prestressing strand and wedge anchors. This is the system currently being used today [Bondy 

2001]. Post-tensioning has made its way into all types of engineering applications including 

flying form systems, structural retrofitting, and into a major area of research – seismic design. 

  

 Earthquakes around the world destroy buildings, bridges, and other structures that people 

inhabit or use in their everyday lives. One major concern in engineering application is to sustain 

life safety. To do this, designs must be able to withstand the maximum credible earthquake. After 

sustaining life safety, the next focus is to design for minimal damage. The purpose of designing 

for minimal damage is to reduce repair time which reduces closure time. Another focus has been 

accelerated bridge construction (ABC). ABC enables short construction periods and reduced 

closure time. One technology that combines minimizing damage and accelerated bridge 

construction is unbonded post-tensioned tendons within the column.  

 

 The use of unbonded post-tensioned columns reduces damage by providing a re-

centering capability as seen in the results produced by Yu-Chen Ou. Ou also concluded that 

initial high tendon stresses can lead to tendon yielding under lower loads. Therefore, an initial 

stress within the tendon’s elastic limit is recommended [Ou 2007]. Despite providing innovative 

designs that are safe and economical, the effects that different parameters of unbonded post-

tensioned tendons have on column behavior are still being researched [Hewes and Priestly 2002]. 

Through recent research conducted by Cohagen and Elgawady, the knowledge and art of post-

tensioned column behavior has advanced but there are still gaps to be studied. Ongoing research 

at the University of Nevada, Reno using analytical models as well as experimental data are being 

used to examine different parameters and alternatives for improving the performance of post-

tensioned columns under seismic activity. Conventional reinforced columns have continuously 

shown severe damage under dynamic loadings whereas unbonded prestressed columns have been 

shown to provide sufficient energy dissipation as well as an excellent re-centering capability 

after an earthquake [Cohagen et al. 2009]. 

 

 Getting away from conventionally reinforced columns because of their level of damage 

under high seismic activity, post-tensioned columns are a primary focus in research. Columns 

using post-tensioned tendons can undergo greater percentages of drift without significant 

amounts of damage or degradation of strength [Cohagen et al. 2009]. Post-tensioned tendons 

provide an initial compressive stress to the column increasing lateral strength while also 

providing the column with a re-centering capability. Modifications to post-tensioned columns, 



such as the addition of steel jackets at the column base/foundation joint, to help confine the 

concrete [Hewes and Priestly 2002], and the use of mild steel reinforcement throughout the 

column’s length have been used to improve energy dissipation [Salas et al. 2003]. These 

additional modifications to the post-tensioned tendon design make the hysteresis loop the 

optimal flag shape allowing for more energy to be dissipated than if the column was only post-

tensioned as supported by Salas’s and Hewes’s research. Other studies included superelastic 

shape memory alloy bars [Roh and Reinhorn 2009] and precast post-tensioned concrete-filled 

fiber tubes [Elgawady et al. 2010] which allowed for greater ductility and improved energy 

dissipation. 

 

 Post-tensioned columns have provided superior performance under varying loading types 

making it a great alternative for seismic areas. Improving both energy dissipation and residual 

displacements, post-tensioned columns have surpassed conventionally reinforced columns in 

performance and have been implemented into design practices to mitigate damage caused by 

earthquakes. Current research is investigating the effects that tendon location with respect to the 

centroid of the column’s cross section, varying amounts of longitudinal reinforcement, axial dead 

load, force of post-tensioning, amount of post-tensioning, and aspect ratio have on the column’s 

performance. In conclusion, post-tensioning has acted as a pioneer for mitigating earthquake 

damage. 
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