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Seismic Performance Assessment
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FEMA, ATC and Eurocode

n Major drawback: No connection between 
component evaluations and global 
performance

n Onlycomponent based assessment is 
performed
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Outline of the Proposed Procedure
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Component Damage
Functions
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Component Damage Functions
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Damage Functions for RC Columns
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Damage Functions for RC Columns

Slenderness of the Column

Yield Strength of Long. Rein. Axial Load Level

Confinement
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Damage Functions for RC Columns

n The columns analyzed are grouped into three
according to their ρs /(N/No) values:

q ρs /(N/No) ≤ 0.05 ð Low Ductility

q 0.05 < ρs /(N/No) ≤ 0.10 ð Moderate Ductility

q ρs /(N/No) > 0.10 ð High Ductility
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Damage Functions for RC Columns
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Damage Functions for RC Beams

ð Low Ductility

ð Moderate Ductility

ð High Ductility
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Damage functions for beams
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Damage Functions for Infills
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Component Importance Factors

25% (M) 32% (M) 15% (M) 65% (S)

60% (S)11% (M)25% (M)22% (M)

60% (S)11% (M)25% (M)22% (M)

51% (S)3% (L)18% (M)16% (M)

39% (S)1% (L)5% (L)11% (M)

75% (S) 72% (S) 85% (S)

70% (S) 65% (S) 79% (S)

59% (S) 45% (S) 68% (S)

45% (M) 30% (M) 61% (S)

20% (M) 8% (L) 51% (S)

What is the damage score

(performance level) of this

building?
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Component Importance Factors
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Component Importance Factors

j represents the damage case corresponding to the 
component of interest and n is the number of stories.

n The importance factors computed using this procedure
are not for a single member. Instead, theyreflect the 
importance of all the members of the same component
type in a single story.
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Performance Evaluation of 
Buildings
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Building Damage Score and Building
Performance

n Storydamage scores are multiplied bythe 
normalized storyimportance factors and summed .

Severe Damage / Collapse50.0 – 100.0

Moderate Damage10.0 – 50.0

None/Light Damage0.0 – 10.0

PerformanceDamage Score (%)
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Application to Zeytinburnu
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Ground Motion

n The elastic response spectrum proposed byNEHRP (2000) 
was used to represent a ground motion with a probabilityof 
exceedence of 50% in 50 years.

n SDS and SD1 values were taken from the study carried out by
Bosphorus University

n Displacement Coefficient Method of FEMA-356 was used
to compute the performance point of the building under the 
given spectrum



Middle East Technical University

Earthquake Engineering Research Center

Building Summary_1

22010580BLD 5

2208598BLD 4

22016570BLD 3

22094100BLD 2

420276165BLD 1

fyk (MPa)fck (MPa)#  of 
Stories

Plan Area
(m2)

Building
ID
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Building Summary_2

220154145BLD 10

22013683BLD 9

420163269BLD 8

220115147BLD 7

22015491BLD 6

fyk (MPa)fck (MPa)#  of 
Stories

Plan Area
(m2)

Building
ID
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Building 4

n Plan Area= 98 m2

n Number of Stories: 5

n fck= 8 MPa

n fyk= 220 MPa

n SDS =  0.729g and SD1= 0.432g
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Plan View
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Computer Model
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Capacity Curve
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Damage in 1st Story Columns

79.551.65E-02250400C112

95.472.64E-02400250C111

79.551.65E-02250400C110

79.721.65E-02250400C109
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Damage (%)Corrected Drift Ratioh (mm)b (mm)Column ID
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Building Damage Score

42.67Building Damage Score

0.020.870.035

1.5811.700.144

3.6517.710.213

5.5720.010.282

31.8690.050.351

Weighted Story
Damage

Story
Damage

StoryIFStory
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Assessment Results

CP46.0171.861.031.040.130.150.110.792BLD10

LS31.9968.491.362.020.080.290.051.340BLD9

LS19.2733.710.851.680.290.340.250.519BLD8

LS28.7763.090.951.280.130.140.090.798BLD7

CP52.1688.411.751.850.110.230.100.672BLD6

CP40.8877.121.241.240.040.130.030.996BLD5

CP42.6790.051.511.510.060.250.041.430BLD4

LS25.1654.201.011.290.070.190.060.921BLD3

LS26.0628.220.941.240.130.170.110.644BLD2

IO5.6010.850.581.320.490.140.320.627BLD1

Perfor.
Building
Damage 
core (%)

Max
Story
Damage 

(%)

δ
t (%)

δ
u (%)Vu/W

δ
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Conclusions

n The procedure developed for reinforced concrete 
frames with masonry in-fill walls provides an 
objective way to assess the performance of an 
individual building. 

n The decision regarding the expected future 
performance of an existing building is quite 
challenging and it is believed that this procedure 
provides a tool not for only reliable performance 
assessment but also for performance based design 
of reinforced concrete buildings with infill walls. 


