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Setting the scene: Past research on 
post-tensioned rocking systems

Courtesy of  Ms. S. Nakaki

Analytical fiber-modeling and performance-based 
design of post-tensioned walls

-Kurama et al (1998), (1999), (2000), (2002)

Post-tensioned bridge piers and standardisation of precast 
segmental bridge construction

-Mander & Cheng (1997), Billington et al (2001), Palermo 
(2004)
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U.S.-Japan PRESSS program. Testing of a five-storey precast frame & wall 
building culminating in the development the hybrid beam-column 
connection

-Cheok & Stone (1994), Priestley et al (1999), Pampanin et al (2001)



Setting the scene: Past research on 
post-tensioned rocking systems cont.

Testing of advanced post-tensioned wall structures for 
retrofit and new design 

-Marriott et al (2008)

Combination of viscous, hysteretic and friction for post 
tensioned systems for near-fault ground motion 
characteristics
-Kam et al (2007)
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Investigation into Advanced Post-
Tensioned Bridge Systems

•Four bridge systems design according to a Displacement-Based Design.

Bridge 1: Monolithic

Bridge 2: Traditional post-
tensioned hybrid

Bridge 3: Advanced 
viscous-hysteretic

Bridge 4: Advanced 
viscous-hysteretic

•Displacement-Based Design methodologies developed for viscous-hysteretic bridges –
Marriott et al (2009)



Bridge Pier Construction Details



Bridge Modeling
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Probabilistic Seismic Loss 
Assessment Framework

Ground 

Motion 

Hazard

Seismic 

Response

Component 

Damage
Repair 

costs,

Casualties,

Downtime
Intensity 

measures

Engineering 

demand 

parameters

Damage 

measures/states

Decision 

variables

a) Intensity measure (PGA) vs. 

probability of exceedance (l)
b) Engineering demand parameter 

(Lateral Drift) vs. Intensity measure 

(PGA) 

c) Relating damage to engineering 

demand parameter (Lateral Drift)

Cornell and Krawinkler [2000]; Vamvatsikos and Cornell [2002]; Deierlein et al. [2003]; Aslani [2005]; Zareian and Krawinkler [2007].



Bridge Damage States

Damage 

state 
Local pier damage 

Material 

Strain 

Structural 

limit state 

Performance 

objectives 

Mean loss 

ratio (LR)1 

DS1: 

None 
Pre-yield 

c = 0.002 

s = y 
Elastic limit - - 

DS2: 

Minor 

Spalling negligible with limited yielding 

of reinforcement. Crack controlled due to 

post-tensioning. 

c = 0.004 

s = 0.015 
Nominal yield 

Immediate 

occupancy 
0.01 

DS3: 

Minor 

Spalling minimal if cover concrete is 

protected and relatively localised if 

unprotected. 

c = c,dc 

s = 0.6su 

pt = 0.9pt,y 

Design limit 
Damage 

control 

0.02 (protected) 

0.03 

(unprotected) 

DS4: 

Moderate 

Spalling minimal if cover concrete is 

protected, extensive localised spalling if 

unprotected. Extensive elongation of 

longitudinal and/or transverse 

reinforcement. Reduction in tendon 

force. 

c = 1.5c,dc 

s = 0.9su 

pt = 0.9ptu 

Ultimate limit 
Collapse 

prevention 

0.08 (governed 

by steel strain) 

0.20 (governed 

by concrete 

strain) 

DS5: 

Collapse 

Rupture of transverse reinforcement, 

failure of core concrete, rupture of 

tendons 

c > 1.5c,dc 

s > su 

pt > ptu 

Collapse 

Not 

considered for 

design 
1.0 

 



Peak and Residual Displacement 
Envelopes under an MCE and DBE 
earthquake



PGA-Drift Relationships for 
Pier 1 (shortest pier)



Loss-Hazard Relationship

Hazard (rate) Benchmark Hybrid AFS1 AFS2 

1/3MCE (2.4x10
-3

) 0.013 ($0.16M) 0.013 ($0.16M) 0.039 ($0.50M) 0.041 ($0.52M) 

2/3MCE (4.0x10
-3

) 0.070 ($0.90M) 0.023 ($0.29M) 0.047 ($0.60M) 0.050 ($0.63M) 

MCE (1.4x10
-3

) 0.178 ($2.27M) 0.063 ($0.81M) 0.074 ($0.94M) 0.077 ($0.98M) 

 

•The hybrid bridge returns a lower expected loss than the 
benchmark bridge for annual rates less than 4.89x10-3, i.e. 38.7% 
in 100 years

•There is some benefit to be had from the AFS bridge systems (with 
respect to the benchmark bridge) considering annual rates less than 
about 1.35x10-3, i.e. 12.6% in 100 years.

•No apparent financial benefit exists for an AFS bridge over a 
traditional hybrid bridge for all seismic hazards up to the MCE 
hazard; a marginal benefit is observed for annual rates less than 
1.84x10-4, i.e. 1.8% in 100 years.

•The financial benefit will become more apparent for each of the AFS 
bridge systems as the cost of the fluid-viscous dampers (FVD) 
reduces. In particular, if the cost of the FVDs reduces by 33%, the 
loss ratio of the AFS1 bridge system and the traditional hybrid bridge 
system are equivalent under the MCE hazard.



Disaggregation of Expected 
Annual Loss

T=10yrs-25yrs



Conclusions

 A seismic loss assessment was carried out for three post-tensioned bridges and one ductile 
benchmark bridge to investigate the feasibility of a traditional post-tensioned hybrid bridge 
system and two advanced hybrid bridge systems (AFS) with fluid-viscous dampers.

 Considering the loss-hazard relationship, all three PT bridges returned a lower loss than the 
benchmark monolithic bridge system. 

 No apparent reduction in loss was observed for the advanced (AFS) bridges with respect to 
the hybrid bridge, however, given a more detailed life cycle analysis based on itemised cost 
of construction, maintenance, downtime, cost of repair, and as the cost of fluid-viscous 
dampers reduces, the benefit of the AFS bridges will be more apparent. 

 Decision makers are generally risk averse with respect to seismic hazard due to the low-
probability-high-consequence stakes involved. It is to this end that decisions should be 
based on the loss-hazard relationship as apposed to the EAL
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