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• Motivation for the study

• Background research for current drift scaling requirements for long period 
buildings when S1 >= 0.6

• Impact of drift scaling on hospital construction – A Case study

• Additional Studies showing impact of the change for near fault and non 
near fault sites

• Recommendations from the committee

Outline of Presentation



Requirements in ASCE 7 for Base Shear Calculation



Period (T) for calculating Base Shear



Period for Calculating Drift



Scaling of Drift - ELF



Scaling of Drift - MRSA



Sa for Calculating Base Shear & Drift (Ts < T < TL)

Increase in demand when 
drift scaling not reqd.

Sa for calculating base 
shear, Eq. 12.8-4

Sa for calculating drift, Eq. 
12.8-4

Sa for calculating base shear, and 
drift, Eq. 12.8-7

T = CuTa
T = TBldg 



Genesis of Eq. 12.8-7
•Eq. 12.8-7 is pegged to sites where S1 >= 0.6. This limit was 
selected to address spectral shapes from near fault records 
including the Sylmar Converter Station (1971), Jensen 
Filtration plant (1994) and Newhall Fire Station (1994) 
records. Similar records were seen in Kobe (1995) and El 
Centro (1979). (source:- Ron Hamburger)



Is Spectral Shape for drift scaling dependent 
on Site Class for near fault effects?

•For buildings in the long period range (Ts < T < TL), is drift 
scaling intended more for buildings in Site Class D and E soils 
because of the elongated spectra, or in Site Class A, B and C 
soils? 

•Drift scaling is independent of Site Class? 



Is Drift Scaling per Eq. 12.8-7 Still Required?
•When Eq 12.8-7 governs the design base shear, is drift scaling 
still required given the advances made to the design 
response spectrum. This equation was introduced in the 
2000 NEHRP provisions which required Fa and Fv multipliers 
to estimate the response spectrum. Since then, there have 
been revisions to how SD1 is derived from a response 
spectrum. This has resulted in SD1 being larger than SDS for 
many site class D and E sites. 



Background regarding 1997 UBC Eq. 30-7 and Drift
Many significant investigations of the effects of near field pulses had 
been undertaken especially those by Heaton and Hall of CalTech in the 
late 1990s. These investigations confirmed the earlier work of the 
SEAOC Seismology's Strong Ground Motion Subcommittee that in the 
near field of large earthquakes, tall structures need to be stiffer as well 
as stronger if they were to safely withstand the near field pulse effects 
of large earthquakes. One way to achieve this objective is to require 
that the minimum base shear of formula 30-7 be used when calculating 
drift. (Source: Kircher et.al.)



Background regarding 1997 UBC Eq. 30-7 and Drift



Background regarding 1997 UBC Eq. 30-7 and Drift



Background regarding 1997 UBC Eq. 30-7 and Drift



Near Source Factors – Comparison of Spectra



1979 Imperial Valley – Comparison of Spectra



1979 Imperial Valley – Array 6

Array 6



1979 Imperial Valley – Array 6
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.93 g
• SDs = 1.25 g
• SD1 = 2.12 g

• T ≥ 4.29 s  Drift Scaling Required



1979 Imperial Valley – Array 6
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.93 g
• SDs = 1.25 g
• SD1 = 2.12 g

• CuTa ≥ 4.29 s  Drift Scaling Required



1979 Imperial Valley – Array 7

Array 7



1979 Imperial Valley – Array 7
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.94 g
• SDs = 1.25 g
• SD1 = 2.13 g

• CuTa ≥ 4.3 s  Drift Scaling Required



1979 Imperial Valley – Array 7
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.94 g
• SDs = 1.25 g
• SD1 = 2.13 g

• CuTa ≥ 4.3 s  Drift Scaling Required



1992 Landers Eqk. – Lucerne Valley Station

Lucene Valley Station



1992 Landers Eqk. – Lucerne Valley Station
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.6 g
• SDs = 0.96 g
• SD1 = 0.28 g

• CuTa ≥ 0.95 s  Drift Scaling Required



1992 Landers Eqk. – Lucerne Valley Station
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.6 g
• SDs = 0.96 g
• SD1 = 0.28 g

• CuTa ≥ 0.95 s  Drift Scaling Required



S1 values near Lucerne Valley Station

S1 = 0.6
S1 = 0.59

S1 = 0.59

• S1 < 0.6 g No drift scaling 

Lucerne Valley Station



1994 Northridge – Jensen Filtration Plant Generator 
Building

Jensen Filtration Plant



Jensen Filtration Plant Generator Building
Comparison with ASCE 7-22 Design Spectrum

• S1 = 1.06 g
• SDs = 2.08 g
• SD1 = 0.99 g

• CuTa ≥ 1.55 s  Drift Scaling Required



Jensen Filtration Plant Generator Building
Comparison with ASCE 7-22 Design Spectrum

• S1 = 1.06 g
• SDs = 2.08 g
• SD1 = 0.99 g

• CuTa ≥ 1.55 s  Drift Scaling Required



1994 Northridge – Newhall Fire Station

Newhall Fire Station



1994 Northridge – Newhall Fire Station
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.93 g
• SDs = 1.85 g
• SD1 = 0.86 g

• CuTa ≥ 2.9 s  Drift Scaling Required



1994 Northridge – Newhall Fire Station
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.93 g
• SDs = 1.85 g
• SD1 = 0.86 g

• CuTa ≥ 2.9 s  Drift Scaling Required



1971 San Fernando – Pacoima Dam

Pacoima Dam



1971 San Fernando – Pacoima Dam
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.91 g
• SDs = 1.17 g
• SD1 = 0.38 g

• CuTa ≥ 0.94 s  Drift Scaling Required



1971 San Fernando – Pacoima Dam
Comparison with ASCE 7-22 Design Spectrum

• S1 = 0.91 g
• SDs = 1.17 g
• SD1 = 0.38 g

• CuTa ≥ 0.94 s  Drift Scaling Required



Summary
•Design ground motion spectra do not capture near fault effects.

•Stiff sites produce high velocity pulses that could affect long 
period structures.

•Drift scaling not required for buildings on soft soils with Vs30 < 
1000 ft/s or for Site Class D or lower. 

•Drift scaling should be considered for buildings in Site Class CD or 
better regardless of the S1 value when the building site is less that 
5 km from a known active fault of Source Type B, M > 6.5. 



Proposed Change Currently being balloted in 
ASCE 7-28

•Limit drift scaling to sites classified as near fault in 
accordance with ASCE 7-22, Section 11.4.1.



Case Study



Case Study



Case Study



Case Study



Takeaway from Case Study
•Drift scaling was intended to prevent weak buildings from 
collapse of buildings subject to pulse period drifts, the 
NLRHA shows that buildings with sufficient ductility are 
adequate to accommodate these pulse period drifts and also 
satisfy the minimum drift requirement.



Additional studies 
•Additional studies were performed to investigate the impact 
of drift scaling for randomly selected near fault and far field 
sites with high SD1 values.



Additional studies 



Additional studies 



Additional studies 



Additional studies 



Additional studies 



Recommendations! 
•Keep drift scaling similar to proposed ballot in ASCE 7-28

•Keep drift scaling only for near fault sites in Site Classes C and 
Better

•Other?
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