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Goal: Develop 
methodology for 

identifying 
Extremely High 

Seismic 
Risk buildings

Cost-Effective

Simple 
Repeatable

Avoid excessive 
conservatism  



Guiding Principles

• Focused on collapse, taken as loss of gravity support 
in a story, considering 
• Weak stories
• Torsion
• Axial load drift demand and shear capacity of 

column 
• Punching shear failure of slab-column connections

• Collapse risk evaluated through estimation of 
median drift demands and capacities, determined 
without needing a nonlinear model



Overview
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All ratings range from 0 to 1, where a value of 1 indicates a high 
likelihood of failure for the level of excitation considered. 

Story rating 
depends on 

ratings of 
individual 

column and 
adjacency of 
poor columns

Building rating 
corresponds to 

worst story rating 

Column ratings are a 
function of the drift 

demand and drift 
capacity on each 

column.



Story Demand Capacity Ratios 
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Period Estimation

Vy from plastic story shear 
capacities

δy from assumed structural yield 
drift



Story Drift Demands



Column Drift Demands

Story drift demands are converted to column drift demands based on 
two factors

 Torsional amplification of drifts due to inherent and accidental 
torsion 

 Separation of story drifts taken by columns and beams



Column Drift Capacity

Drift capacity represents the drift at which the column of interest 
will fail axially

Drift capacity computed from empirical relationships depending 
on reinforcement and axial load

To quantify drift capacity, need to 
 Classify column based on failure mode
 Estimate plastic rotation corresponding to axial failure
 Convert plastic rotation to drift 



Column Drift Capacity

Column classifications based on failure mode



Column Drift Capacity

Column plastic rotation capacity representing axial capacity
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Tabulated values developed by ATC-78 
team from empirical data. Represent 

median capacity predictions. 



Column Rating 

Column rating represents the 
probability that the drift demand 
exceeds the drift capacity. 

Computed from structural 
reliability methods where  

Column Drift

Probability 
Density

Calculations of 
drift demands 
and drift 
capacities 

Uncertainties based on 
test data and structural 
analysis results, taken as 



Column Ratings
Table Used for Determining 
Column Ratings 

Higher ratio 
of capacity vs. 
demand gives 
lower CR 

Lower ratio of 
capacity vs. 
demand gives 
higher CR 

Other values 
obtained by 
linear 
interpolation



Story Rating

SR2

SR1

Column 
Ratings

CR1 CR2

CR3 CR4

Story 
Ratings

Story rating 
depends on 

ratings of 
individual 

column and 
adjacency of 
poor columns

Column ratings are a 
function of the drift 

demand and drift 
capacity on each 

column.



Story Ratings
Story rating represents the probability of story failure
 Story failure occurs if 25% of columns in a story fail
 Column demand is uncertain, but assumed to be perfectly correlated 

for all columns in a story
 Column capacity is uncertain, and correlations are assumed to be a 

function of adjacency 
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Correlation Model for Column Drift 
Capacities 

Correlation 
coefficient ρij

Distance 
between 
columns i and j



Story Rating



Story Rating

Table development required: 
 Monte Carlo simulation: 

realizations of column demand 
and capacity were randomly 
generated 

 Simulations accounted for 
correlation models

 Story failure identified as 
occurring if more than 25% of 
the columns failed 

 Process repeated to cover range 
of column ratings

Fraction of column failures 
required for story failure: 

0.10 0.175 0.25    0.5



Building Rating

SR2

SR1

Story Ratings Building Rating 

Building rating 
corresponds to 

worst story rating 

BR 
computed in x and y 

directions, where higher 
rating governs 

Building ratings 
can be used to 
rank buildings.  
Building rating 
cut-off will be 
used to identify 
Exceptionally 
High Seismic 
Risk Buildings.



Initial Evaluation Efforts

Student Project at University of 
Colorado 

 9 Buildings 
 9 Teams

 2 Students per team

 Weekly submittals
 Intermediate calculations were 

checked



Initial Evaluation Efforts
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Next Steps

• Trial evaluation of frame buildings

• Extend procedures to include wall buildings
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