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HAZUS Fragility Models
• Conditioned on spectral displacement

• Not compatible with USGS hazard 
curves/maps

• Coupled capacity spectrum method

• Not able to accurately consider record-
to-record randomness

• Vulnerability models provide only mean 
value of loss ratio
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Figure 2: Regression of  on  for a moderate-code low-rise steel moment resisting 

frame building 

 P(DS ≥ ds|IM = im) =
∫

edp

P (DS ≥ ds|EDP = edp) · fEDP |IM (edp|im) dedp

(Karaca and Luco, 2008)
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Improved HAZUS Fragility/
Vulnerability Models

5-6 

5.2 illustrates the intersection of a typical building capacity curve and a typical demand 

spectrum (reduced for effective damping greater than 5% of critical).  Design-, yield- and 

ultimate-capacity points define the shape of building capacity curves.  Peak building 

response (either spectral displacement or spectral acceleration) at the point of intersection 

of the capacity curve and demand spectrum is the parameter used with fragility curves to 

estimate damage state probabilities (see also Section 5.6.2.2). 
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Figure 5.2 Example Building Capacity Curve and Demand Spectrum. 

 

5.2 Description of Model Building Types 

 

Table 5.1 lists the 36 model building types that are used by the Methodology.  These 

model building types are based on the classification system of FEMA 178, NEHRP 

Handbook for the Seismic Evaluation of Existing Buildings [FEMA, 1992].  In addition, 

the methodology breaks down FEMA 178 classes into height ranges, and also includes 

mobile homes. 
 

Table 5.1 Model Building Types 

   Height 

No. Label Description Range Typical 

   Name Stories Stories Feet 

1 

2 

W1 

W2 

Wood, Light Frame (! 5,000 sq. ft.) 

Wood, Commercial and Industrial (> 

5,000 sq. ft.) 

 1 - 2 

All 

1 

2 

14 

24 

3 S1L Steel Moment Frame Low-Rise 1 - 3 2 24 

Chapter 5 – Direct Physcial Damage – General Building Stock 
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Multilinear Capacity Curve
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L (Sa = x) ≈ P [DS = collapse|Sa = x]× Lds (DS = collapse)

where Lds (DS = collapse) is indoor casualty rate given the collapse of structure
P (collapse|Sa = x) = P (Sa,c ≤ x) = Φ

(
ln(x/λ)

ξ

)

where Sa,c represents the spectral acceleration at collapse, λ is the estimated median col-
lapse capacity, ξis estimated logarithmic standard deviation of collapse capacity
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1

    *: proposed values
else: provided in HAZUS

(Ryu et al., 2008)



Capacity-Consistent DSTs
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4. New median damage state threshold

• S̄∗
d,slight = D∗

y

• S̄∗
d,moderate = ∆y (Gencturk et al., 2007)

– yield displacement based on equivalent energy absorption (Park, 1988)
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• For mid-rise and high-rise building

– S̄∗∗
d,ds = αh × S̄∗

d,ds

– αmid = 0.67 for mid-rise buildings

– αh = 0.50 for high-rise buildings
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S4Lh: Steel Frame with concrete shear walls



HAZUS Collapse Fragility
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function developed for the construction of risk-targeted design ground motion maps. As 

an application, we then combine the collapse fragility function with ground motion hazard 

curves to construct a probabilistic seismic risk map showing the probability of collapse of 

the building over in a 50 year time span, if it were to be located throughout the United 

States. 

REVIEW OF HAZUS COALLAPSE FRAGILITY FUNCTIONS 

In the HAZUS methodology, structural collapse is defined as a part of the “complete” 

structural damage state. In other words, the structural complete damage state is 

subdivided into states with and without structural collapse. In this study, the fragility 

function for the complete damage state with collapse is denoted “collapse fragility 

function,” but this collapse fragility function is not provided explicitly in HAZUS. 

The HAZUS collapse fragility function is defined by combining the “complete 

damage” fragility function with a collapse rate, which is derived from the fraction of the 

total floor area of the model building with complete damage that is expected to collapse. 

The collapse fractions are based on judgment and limited earthquake data considering 

material and construction of different building types (FEMA, 2007). For example, the 

collapse rate for low-rise steel moment frame building is 8%. These collapse rates (i.e., 

collapse fractions) are independent of design code level. 

The HAZUS collapse fragility function is computed as  

! 

P DS = collapse S
d

= x[ ] = P
c
"P DS = complete S

d
= x[ ]    (1) 

where  is the probability of being in a structural damage state, ds 

given spectral displacement, x, and  is the collapse rate. In the HAZUS methodology, 

the probability of being in a complete structural damage state is equal to the probability of 

being in or exceeding a complete structural damage state, and it is computed as 

! 

P DS = complete Sd = x[ ] = P DS " complete Sd = x[ ] =#
ln x /S d ,complete( )

$complete

% 

& 

' 
' 

( 

) 

* 
* 
  (2) 

where  is the median value of complete damage state threshold,  is the 

logarithmic standard deviations of the complete damage state threshold, and  is the 

standard normal cumulative distribution function. 

Figure 1 shows the collapse fragility for high-code low-rise steel moment frame as a 

function of spectral displacement along with the probability of being in a complete 
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Figure 1: HAZUS fragility functions for complete and collapse damage state for high-

code low-rise steel moment frame building 

 



Improved Collapse Fragility
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state at the ultimate point, and then it remains plastic for all larger displacements. This 

capacity curve does not include the strength degradation observed in real buildings as 

they approach collapse, and so it is not suitable for the direct estimation of collapse 

capacity. 

To overcome this limitation, Ryu et al. (2008) proposed the use of a multilinear 

capacity curve with negative stiffness after an ultimate (capping) point, as seen in Figure 

3, as an alternative to the HAZUS curvilinear model. The benefits of using this 

multilinear capacity curve are as follows: 1) There are many available structural analysis 

programs that have implemented this multilinear backbone (e.g., OpenSees [McKenna 

and Fenves, 2001]). In those programs, we can implement different hysteresis models 

such as pinching or Clough models. 2) We can introduce negative stiffness past the 

ultimate (capping) point, which can have significant effects on the response in nonlinear 

dynamic analyses and results in more realistic structural behavior near the collapse point 

(Ibarra, 2003). For these reasons we use this multilinear capacity curve as the SDOF 

backbone for nonlinear time history analyses.!

Fragility functions are generally defined as a function of structural response (e.g., 

Equation (3)). But it is not feasible to determine a specific value as a collapse state 

threshold, since the response becomes very sensitive when the system is close to collapse, 

and small change in the intensity of input ground motion results in the large change in the 

response (Ibarra, 2002). Thus in this study the collapse is defined in terms of the ground 

motion intensity (e.g., FEMA-350, 2000; Vamvatsikos and Cornell, 2002; Ibarra, 2003; 

Krawinkler and Zareian, 2007) instead of the corresponding structural response.  

For the construction of the collapse fragility function, incremental dynamic analyses 

are performed over a large number of ground motions to get a distribution of collapse 

capacities. If the distribution of collapse capacity is assumed to be lognormal, then the 

collapse fragility function is computed as 

 

! 

P collapse | S
a
(T) = x( ) = P(S

a,c " x) =#
ln x / ˆ m ( )

ˆ $ 

% 

& 
' 

( 

) 
*  (4) 

where  is spectral acceleration at a period, T,  represents the  at collapse, 

! 

ˆ m  is the estimated  median collapse capacity,  is estimated logarithmic standard 

deviation of collapse capacity. 

Incremental Dynamic Analyses
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Link to PAGER
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We also compare indoor casualty rates computing with the collapse fragility functions 

described above. Since the most dominant contribution to indoor casualty rate is collapse, 

casualties rates are obtained considering only collapses (having a 10% casualty rate) and 

neglecting casualties caused by other damage states, 

   (6) 

Figure 6 shows the comparison of collapse fragility functions and the resulting mean 

indoor casualty rates. The generic collapse fragility function shows larger value (i.e. more 

fragile) than others, but the difference can be regarded acceptable. 

PROBABILISTIC SESMIC RISKMAP FOR COLLAPSE 

The collapse fragility developed in this study is conditioned on spectral acceleration, 

so it can be combined with existing seismic hazard curves, in which provide the rates of 

occurrence of various amplitudes of spectral acceleration  (Luco and Karaca, 2007). The 

annual rate of collapse is computed as  

! 

"collapse = P# collapse | S
a

= x( ) d" S
a

= x( )     (7) 

where 

! 

" S
a

= x( )  is mean annual frequency of exceeding a spectral acceleration of x, 

as given by the hazard curve. Assuming a Poisson process for occurrence of collapses in 

time, the probability of collapse over a time period, t, is computed as,  

! 

P collapse in t year(s)( ) =1" P no collapse in t year(s)( ) =1" exp("#collapse $ t) (8) 

As an illustration, the probability of collapse over 50 years for the example building is 

computed incorporating the 2008 hazard curves from the USGS National Seismic Hazard 

Mapping Project (Petersen et al., 2008). Figure 7 shows the resulting seismic risk map for 

the conterminous United States. The probability of collapse over 50 years for the example 

building is less than 0.5% for most regions, but certain areas such as Southern California 

(Figure 8) and New Madrid Seismic Zone (Figure 9) show higher probability, which 

ranges from 1% to 2%. 

DISCUSSION 

It is challenging to determine generic structural model for a certain building type, and 

it is even harder to determine an equivalent SDOF system as an approximation of the 

generic MDOF structural model. In this study, no efforts have been made to determine 
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IDA vs. SPO2IDA

IDA SPO2IDA

IM User-specified Sa(T1, 5%)

GMs User-specified
6.5!M!6.9 

15 km<R<33 km

Hysteresis 
model

User-specified
Moderately 

pinching model, no 
cyclic deterioration
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Collapse Fragility Models
Low-Rise Unreinforced Masonry
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Example for Taiwan Bldgs
Mid-Rise Concrete Moment Resisting Frame
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Collapse Fragility Models
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Summary

• Improved fragility/vulnerability models 

already being developed for U.S. building 

types from HAZUS.

• Development methodology applicable to 

non-U.S. building types from PAGER.


