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Significant earthquake damage often implies 

large peak and residual deformation in structures

Post-event permanent drift in 

different structures

1971 San Fernando

2023 Kahramanmaras

1995 Kobe

1999, Izmit

Building peak and residual story drifts

as engineering demand parameters

(McCallen et al, 2021)
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Building seismic performance assessment 

based on peak and residual story drifts

Residual story drift limits for FEMA P-58 damage state definition
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Building damage assessment based on peak 

and residual story drifts

Empirical relation between peak and residual story drifts in FEMA P-58

where: Δy is story yield drift, Δ is story peak 

drift, and Δr is story residual drift 
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(Δy=1%)

Log-space standard deviation 

is assumed 0.8 in FEMA P-58



Contemporary moment frame buildings for 

detailed seismic response analysis  

Steel moment frames (3, 9, 20, 40 stories) Concrete moment frames (3, 12 stories)

(Wu et al, 2019) (Kenawy and McCallen, 2020)
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SGMD allows for building response evaluation 

with high spatial resolution in the near field

Mw 7 Hayward fault simulations

• 5 hypocenter locations

• stochastic + deterministic slip 

patches

• 55 realizations (with high 

rupture velocity scenarios)
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Over 1 million nonlinear response history analyses2270 sites × FP/FN motions × 6 buildings

for each realization



Building response under simulated and 

recorded motions follow very similar trend

Recorded and simulated near-field motions show similar pulse waveform and period characteristics
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(Steel, 9-story)

Building response under simulated and recorded motions follow very similar trend

(Recorded motions from NGA-West 2 

and 2023 Kahramanmaras earthquake 

in Türkiye)



(Steel, 9-story, geometric 

mean of 5 SA in [T2, 2T1])

Building peak response is well correlated with 

ground motion intensity measures

PGV Average SA

Scattering due to difference in ground motion waveform details:

(Steel, 9-story)

• amplitude

• frequency content

• duration
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Peak story drift  ∝

（in log space）  



Permanent ground 

displacement

0.48 m

Building peak response is influenced by the 

ground motion waveform details

Case 1: R60, S_46_23, FP Case 2: R10patch, S_21_18, FN

Peak drift

Case 1 Case 2
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Case 2

Case 1

Case 1

0.14 m

Case 2



Building peak response is influenced by the 

ground motion waveform details

Case 1

Peak drift

Case 2

Peak drift

Case 1: R60, S_46_23, FP Case 2: R10patch, S_21_18, FN 10



Building peak response-related waveform 

details are reflected in elastic response spectra
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Improved correlation based on spectra values as waveform details are better captured

11

(Steel, 9-story, normalized Tp ∈ (0.5,2))

(Steel, 9-story, normalized Tp ∈ (0.5,2))

Double-sided velocity time history can lead to systematically larger building peak response

(Steel, 9-story)
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Significant building residual drift uncertainty 

due to variability in input ground motions

Peak drift vs PGV Residual drift vs PGV

Residual drift

• has significant uncertainty due 

to input motion variability

• is better correlated with peak 

drift than ground motion 

intensity measure 
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(Steel, 9-story) (Steel, 9-story)

Residual drift vs Peak drift

(Steel, 9-story)



Building residual drift is sensitive to both 

input motion peak and later wave arrivals

Case 1

Case 2

Peak drift

Residual drift

Case 1 Case 2

Case 1

Case 2

Case 1: R55, S_43_18, FN Case 2: R55, S_50_20, FN

Case 1

Case 2
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Building residual drift is sensitive to both 

input motion peak and later wave arrivals

Later wave arrivals & multiple yielding excursions 

Residual drift

Case 1: R55, S_43_18, FN Case 2: R55, S_50_20, FN

Case 1 Case 2

Residual drift
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Different residual drifts



Post-earthquake building damage assessment 

uncertainty based on residual drifts

= 11.25%

= 34.16%
+
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Percentage of false 

negative cases

Large permanent distortion



Statistical distribution of building residual 

drift induced by ground motion variability

• Central tendency • Dispersion

FEMA P-58

Simulation

median

• FEMA P-58 captures 

the central trend well
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• Weibull distribution 

is generally better

• Lower log-space 

standard deviation 

than 0.8 assumed in 

FEMA P-58



Summary and conclusions

• SGMD enables detailed building response evaluation with high spatial 

resolution in the near field.

• Building peak drift correlates better with common ground motion intensity 

measures than residual drifts.

• Residual drift shows substantial uncertainty due to its dependency on 

both the peak input motion and later wave arrivals that can trigger multiple 

yielding excursions.

• Despite its simplicity, the FEMA P-58 drift relation captures the central 

trend of the simulation results well.

• Residual drift is well represented by a Weibull distribution, with lower 

dispersion than the 0.8 log-space standard deviation in FEMA P-58. 

• The findings highlight the need to explicitly account for the dispersion of 

building residual drift in seismic performance and post-earthquake 

functionality assessments.
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