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Requirements in ASCE 7 for Base Shear Calculation

12.8 EQUIVALENT LATERAL FORCE (ELF)
PROCEDURE

12.8.1 Seismic Base Shear The seismic base shear, V. in a
given direction shall be determined in accordance with the
following equation:

V=CW (12.8-1)
where

C, =The seismic response coefficient determined in accordance
with Section 12.8.1.1, and
W =The effective seismic weight per Section 12.7.2.

Method 2. h
Method 1: The seismic response coefficient, C,, shall be
determined in accordance with Equation (12.8-2).

(12.8-2)

whera

be used.
Method 2: The seismic response coefficient, Cy, shall be
determined in accordance with the following:

_ Sps

(12.8-3)

for T <T;.,
Spi A
C,= (R) (12.8-4)
T —
I,
and for T > T,
SpiTt

(12.8-5)

where I, and R are as defined in this section;

Sp1 = Design spectral response acceleration parameter at a period
of 1.0 s, as determined from Section 11.4.5 or 11.4.6;
T = Fundamental period of the structure(s) determined in
Section 12.8.2: and
T; =Long-period transition  period(s) determined in
Section 11.4.6.

Lower Bounds for C, for Both Methods: C; shall not be less
than

C,=0.044Spsl, > 0.01 (12.8-6)

In addition, for structures located where S, is equal to or
greater than 0.6, C, shall not be less than

C,=058,/(R/1,) (12.8-7)
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Period (T) for calculating Base Shear

substantiated analysis. The fundamental period, 7, shall not
exceed the product of the coefficient for upper limit on
calculated period, C,, from Table 12.8-1 and the approximate

S |
C,=—DI (12.8-4)

R
- - ® ® - T —_
fundamental period, 7,, determined in accordance with (1)
Section 12.8.2.1. As an alternative to performing an analysis

Section 12.8.2.1, directly.

Table 12.8-1. Coefficient for Upper Limit on Calculated Period.

12.8.2.1 Approximate Fundamental Period The approximate
tundamental pen()d (Ta)-» n SECOHdS, "h‘lu be determmed from Design Spectral Response Acceleration Parameter at 1 s, 5y, Coefficient C,
the following equation:

> 04 1.4

T,=Ch, (12.8-8) 0.3 1.4

0.2 1.5

where £, 1s the structural height as defined in Section 11.2, and 21;1 :;}

the coefficients C, and x are determined from Table 12.8-2.
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Period for Calculating Drift

12.8.6.2 Period for Computing Displacement and Drift For
determining displacements and drifts, 1t 1s permitted to determine
the elastic displacements, o,, using seismic design forces based
on the computed fundamental period of the structure without the

upper limit, C, T, specified in Section 12.8.2.




Scaling of Drift - ELF

C12.8.6.1 Minimum Base Shear and Load Combination for
Computing Displacement and Drift Except for period limits (as
described 1n Section C12.8.6.2), all of the requirements of
Section 12.8 must be satisfied when computing drift for an
ELF analysis, except that the minimum base shear determined
from applying Equation (12.8-6) does not need to be considered.
This equation represents a minimum strength that needs to be
provided to a system (Section CI12.8.1.1). Equation (12.8-7)
needs to be considered, when triggered, because it represents
the increase _in _the response spectrum in the long-period range

fronT near-fault eff@




Scaling of Drift - MRSA

C12.9.1.4.2 Scaling of Drifts Displacements from the modal
response spectrum are only scaled to the ELF base shear where
V., 1s less than C,W and C, 1s determined based on Equa-
tion (12.8-7). For all other situations, the displacements need
not be scaled, because the use of an overly flexible model will
result in conservative estimates of displacement that need not be
further scaled. The reason for requiring scaling when Equa-
tion (12.8-7) controls the minimum base shear is to be consistent
with the requirements for designs based on the ELF procedure.




S, for Calculating Base Shear & Drift (T, < T < T))

S, for calculating base
shear, Eq. 12.8-4

- ODS| |

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

Shi

Spectral Response Acceleration,Sa (g)

T= ¢uTa T=TBI(g

L — : _ " Q.
S. for calculating drift, E — ' | | . T(%) o
a g (RBQ- 7 P 1.0 I, C, =058, /(R/I,) (12.87)
12.8-4 Period, 7 (sec)

Figure 11.4-1. Two-period design response spectrum.
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Genesis of Eq. 12.8-7

*Eq. 12.8-7 is pegged to sites where S; >=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 (T, < T < T,), 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? O

*Drift scaling is independent of Site Class? o




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 F, and F, multipliers
to estimate the response spectrum. Since then, there have
been revisions to how S, is derived from a response
spectrum. This has resulted in S, being larger than S for

many site class D and E sites.




Background regarding 1997 UBC Eqg. 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 Eqg. 30-7 and Drift

TABLE 16-1—SEISMIC ZONE FACTOR Z

ZONE 1 2A 2B 3 4
z 0.075 0.15 0.20 0.30 0.40
NOTE: The zone shall be determined from the seismic zone man in Fioure 16-2.
TABLE 16-R—SEISMIC COEFFICIENT C,
1630.2.1 Design base shear. The total design base shear in a SEISMIC ZONE FACTOR, 2
- - - - . N SOIL PROFILE TYPE Z=0.075 Z=0.15 Z=0.2 Z=03 Z=04
given direction shall be determined from the following formula: 5, X3 D e 33 DRSIR
. C, I (30-4) Sp 0.08 0.15 0.20 0.30 0.40N,
J RT S 013 0.25 032 045 056N,
Sp 0.18 0.32 0.40 0.54 0.64N,,
The total design base shear need not exceed the following: Sk 0.26 0.50 0.64 0.84 0.96N,,
7 Sk See Footnote 1
o= S Gl W (30-5) ISite-specific geotechnical investigation and dynamic site response analysis shall be performed to determine seismic coefficients for Soil Profile Type Sg
R
TABLE 16-T—NEAR-SOURCE FACTOR N, !
The total design base shear shall not be less than the following: CLOSEST DISTANCE 70 KNOWN SEISMIC SOURCESS
- 30-6 SEISMIC SOURCE TYPE = 2km 5 km 10 km =15 km

Vo= 011 C, I W (30-6) A 20 16 12 10

.. . B 1.6 1.2 1.0 1.0

In addition, for Seismic Zone 4, the total base shear shall also - = = = o

IThe Near-Source Factor may be based on the linear interpolation of values for distances other than those shown in the table.

not be less than the following:
0.8 ZN., I 2The location and type of seismic sources to be used for design shall be established based on approved geotechnical data (e.g., most recent mapping of active faults by
. (30‘7) the United States Geological Survey or the California Division of Mines and Geology).
R 3The closest distance to seismic source shall be taken as the minimum distance between the site and the area described by the vertical projection of the source on the
surface (i.e., surface projection of fault plane). The surface projection need not include portions of the source at depths of 10 km or greater. The largest value of the

Vo=

TABLE 16-U—SEISMIC SOURCE TYPE!

SEISMIC SEISMIC SOURCE DEFINITIONZ
SOURCE TYPE SEISMIC SOURCE DESCRIPTION Maximum Moment Magnitude, M Slip Rate, SR (mm/year)
A Faults that are capable of producing large magnitude events and that M=170 SR =35
have a high rate of seismic activity
B All faults other than Types A and C M=70 SR <5
M <70 SR > 2
M= 65 SR <2
C Faults that are not capable of producing large magnitude earthquakes M<6.5 SR <2
and that have a relatively low rate of seismic activity

1Subduction sources shall be evaluated on a site-specific basis.
2Both maximum moment magnitude and slip rate conditions must be satisfied concurrently when determining the seismic source type.
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Background regarding 1997 UBC Eq. 30-7 and Drift
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Figure 1 — Comparison of Near Fault Records and 1997 UBC Zone 4 Acceleration
Response Spectrum
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Background regarding 1997 UBC Eq. 30-7 and Drift
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Figure 2 — Comparison of Near Fault Records and 1997 UBC Zone 4 — Displacement Figure 3 — Comparison of Near Fault Records and 1997 UBC Zone Spectrum in
Response Spectrum Acceleration — Displacement (ADRS) format

1 CAI

Department of Health Care
Access and Information




Near Source Factors — Comparison of Spectra

Kircher & Associates Near-Source Ground Motions
Consulting Engineers April 2003

Near-Source Factors - Comparison of Spectra

Near-Source Earthquake Spectra Comparison of Code and Near-Source Earthquake Spectra
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1979 Imperial Valley — Comparison of Spectra

Kircher & Associates Near-Source Ground Motions
Consulting Engineers April 2003

1979 Imperial Valley Earthquake Spectra
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1979 Imperial Valley — Array 6
Comparison with ASCE 7-22 Design Spectrum

«S5,=093g
1 . .
RSN-181RotD100 pSa (g)Rjb=0, Array 6, Vs30 = 667 ft/s
«S,,=1.25¢g
16
. SD1 =2.12¢g
14 ——RSN-181 RotD100 pSa (g)Rjb = 0, Array 6, Vs30 = 667 ft/s
* T>4.29 s Drift Scaling Required £ 12
T:' ——Design Spectrum, Vs30 = 700 ft/s, Site Class DE
S
_ g
= o
= g 08
= Q
= <
o 3 oc T=4.29s__-
¢ 5 - i -="
by o Drift Scaling -
o
v 04
0.2 S
; __..--"” Drift Scaling
0 20 40 60 80 100 120 140

Spectral Displacement (in)

1 CAI

Department of Health Care
Access and Information




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

RSN-182 RotD100 pSa (g)Rjb = 0.56, Array 7, Vs30 = 690 ft/s
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1979 Imperial Valley — Array 7
Comparison with ASCE 7-22 Design Spectrum

*5,=09%4g
*Sp.=1.25¢g
* Sy, =2.13¢g

C,T, 2 4.3 s Drift Scaling Required

Tl

TR

(N

\
\.\f@
&, |

Spectral Acceleration (in)

RSN-182 RotD100 pSa (g)Rjb = 0.56, Array 7, Vs30 = 690 ft/s

25
——RSN-182 RotD100 pSa (g)Rjb = 0.56, Array 7,Vs30 = 690 ft/s
2 7
’ ——Design Spectrum, Vs30 =700 ft/s, Site Class DE
/
T=1.67s P
'y
, 4 ——Design Spectrum, Vs30 = 1000 ft/s, Site Class D
1.5 /
7/

——Design Spectrum, Vs30 = 2000 ft/s, Site Class C

0.5

\ Drift Scaling

20 40 60 80 100 120 140
Spectral Displacement (in)

1 CAI

Department of Health Care
Access and Information




1992 Landers Egk. — Lucerne Valley Station
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1992 Landers Egk. — Lucerne Valley Station
Comparison with ASCE 7-22 Designh Spectrum

Lucerne Val Sta., 1992 Landers, M =7.28, Rjb = 2.1 km, Vs30 = 4490 ft/s
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1992 Landers Egk. — Lucerne Valley Station
Comparison with ASCE 7-22 Designh Spectrum
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1994 Northridge — Jensen Filtration Plant Generator
Building
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Jensen Filtration Plant Generator Building
Comparison with ASCE 7-22 Design Spectrum
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Jensen Filtration Plant Generator Building
Comparison with ASCE 7-22 Design Spectrum
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1994 Northridge — Newhall Fire Station
Comparison with ASCE 7-22 Design Spectrum
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1994 Northridge — Newhall Fire Station
Comparison with ASCE 7-22 Design Spectrum
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1971 San Fernando — Pacoima Dam
Comparison with ASCE 7-22 Design Spectrum

*5,=091g Pac. Dam, 1971 San Fernando, M = 6.6, Rjb = 0,Vs30 = 6612 ft/s
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1971 San Fernando — Pacoima Dam
Comparison with ASCE 7-22 Design Spectrum
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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 S, 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.




Case Study

PROJECT DESCRIPTION:
e  240-ft tall OSHPD-1 bed tower located in San Diego, California
e Distance from fault < 5km
e S,=1.38g
e S1=0.472g
e Sps=1.028g
e Spi=0.444g

e Building codes:

o CBC2016
o ASCE 7-10
e Risk category IV
e =15
e SFRS:

o Longitudinal direction: Steel special moment resisting frames
o Transverse direction: Steel buckling restrained braced frames

e R=8

e (C4=5.5(longitudinal direction)

C4 =5 (transverse direction)
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Case Study

RESPONSE SPECTRUM ANALYSIS (RSA):
ASCE 7-10 Eq (12.8-5) (which is Eq (12.8-6) in ASCE 7-22) governed minimum base shear as S; was less than

0.6g.
ASCE 7-10: ASCE 7-22:
C. shall not be less than Lower Bounds for C, for Both Methods: C; shall not be less
| than

C, =0.044S,, 2 0.01 (12.8-5) C,=0.0445,4I, > 0.01 (12.8-6)
In addition, for structures located where S, 1s equal to In addition, for structures located where S| is equal to or

or greater than 0.6g, C, shall not be less than greater than 0.6, C; shall not be less than
C, = 0.5S,/(RII,) (12.8-6) Co=0.55/(R/1.) (12.8-7)
where S is the mapped maximum considered earthquake spec-
tral response acceleration parameter determined in accordance

with Section 11.4.2 or 11.4.4.

This resulted in C; of 0.068g. Due to the requirement in CBC 2016 §1616A.1.13 (snip below), drifts were also
evaluated at a base shear of 0.068W.
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Case Study

(Note: §1616A.1.13 provision in CBC 2016 has been removed in CBC 2022. CBC 2022 has no amendments on
the drift scaling provision of ASCE 7-16.)

ASCE 7-10: CBC 2016, OSHPD 1, 4 & DSA-SS:

12.9.4.1 Scaling of Forces
Where the calculated fundamental period exceeds
C, T, in a given direction, C,T, shall be used in lieu of

1616A4.1.13 ASCE 7, Section 12.9.4. Replace ASCE 7 Sec-
tion 12.9.4 as follows:

T in that direction. Where the combined response for 12.9.4 Scaling design values of combined response.
the modal base shear (V) is less than 85 percent of Modal base shears used to determine forces and drifis
the calculated base shear (V) using the equivalent shall not be less than the base shear calculated using
lateral force procedure, the forces shall be multiplied the equivalent lateral force procedure of Section 12.8.
by 0.85%:

where

V = the equivalent lateral force procedure base shear,
calculated in accordance with this section and
Section 12.8

12.9.4.2 Scaling of Drifts

Where the combined response for the modal base
shear (V) is less than 0.85C,W, and where C, is
determined in accordance with Eq. 12.8-6, drifts shall

cW
be multiplied by 0.85

r

Base shears that correspond to drifts scaled by C4/le, were approximately 0.23W and 0.25W in the

longitudinal and transverse directions, respectively.
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Case Study

It is also observed that the drift scaling requirement for RSA resulted in DE-level base shears that are greater

than the MCE-level base shears obtained through NLRHA.

Hazard Direction Base Shears at which Drifts are Evaluated™
RSA NLRHA
DE Longitudinal 0.23W 0.16W
Transverse 0.25W 0.14W
MCE Longitudinal - 0.21W
Transverse - 0.17W

Table below compares RSA drifts, with and without base shear scaling to ELF, of the revised design with 40%
less steel SFRS tonnage. It is observed that the drift limit of 1% is still satisfied with the revised design if base

shear is not scaled to the ELF base shear.

Level RSA Drift Max. RSA Drifts of the Revised Design
Limit Base Shear Scaled to ELF Base Shear not Scaled to ELF
Longitudinal Dir. Transverse Dir. Longitudinal Dir. Transverse Dir.
Roof 1% 1.8% 2.4% 0.6% 0.9%
L1-L15 2.4% 1.8% 0.8% 0.7%
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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 Sy, values.




Additional studies

Acceleration vs Displacement for RSN-953 Northridge-01 Event (Site Class CD, Rrup
17.15 km, Pulse Period -)

2.50
2.00
RSN-953
G ASCE 7-22 MPS
S 1.50
2 ASCE 7-22 12.8.6
(1]
[ ASCE 7-22 12.8.7
(3]
§ 1.00 RSN Code 2 Point Spectra
— — -ASCE7-22 MPS:T=1 sec
— . = ASCE 7-22 MPS: T = 2 sec
0.50

—————e ASCE 7-22 MPS: T= 3 sec

Displacement (in)

Figure 1: RSN-953, Spectral Acceleration vs Spectral Displacement plot

Mapped S,:0.74
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Additional studies

Acceleration vs Displacement for RSN-952 Northridge-01 Event (Site Class BC, Rrup
18.36 km, Pulse Period -)
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Figure 2: RSN-953, Spectral Acceleration vs Spectral Displacement plot

Mapped S,:0.80
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Additional studies

Acceleration vs Displacement for RSN-959 Northridge-01 Event (Site Class D, Rrup
14.7 km, Pulse Period -)
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Figure 3: RSN-959, Spectral Acceleration vs Spectral Displacement plot

Mapped S4: 0.68
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Additional studies

Acceleration vs Displacement for RSN-960 Northridge-01 Event (Site Class CD, Rrup
12.44 km, Pulse Period -)
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Figure 4: RSN-960, Spectral Acceleration vs Spectral Displacement plot

Mapped S4: 0.79 N
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Additional studies

Acceleration vs Displacement for RSN-3748 Cape Mendocino Event (Site Class C,
Rrup 19.32 km, Pulse Period -)
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Figure 5: RSN-3748, Spectral Acceleration vs Spectral Displacement plot
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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
eOther?




	6- Drifts Scaling Requirements for ELF and MRSA.pdf
	Drift Scaling for ELF and MRSA when ASCE 7-22 Eq. 12.8-7 Governs
	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)
	Genesis of Eq. 12.8-7
	Is Spectral Shape for drift scaling dependent on Site Class for near fault effects?
	Is Drift Scaling per Eq. 12.8-7 Still Required?
	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
	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 6Comparison with ASCE 7-22 Design Spectrum
	1979 Imperial Valley – Array 6Comparison with ASCE 7-22 Design Spectrum
	1979 Imperial Valley – Array 7
	1979 Imperial Valley – Array 7Comparison with ASCE 7-22 Design Spectrum
	1979 Imperial Valley – Array 7Comparison with ASCE 7-22 Design Spectrum
	1992 Landers Eqk. – Lucerne Valley Station
	1992 Landers Eqk. – Lucerne Valley StationComparison with ASCE 7-22 Design Spectrum
	1992 Landers Eqk. – Lucerne Valley StationComparison with ASCE 7-22 Design Spectrum
	S1 values near Lucerne Valley Station
	1994 Northridge – Jensen Filtration Plant Generator Building
	Jensen Filtration Plant Generator BuildingComparison with ASCE 7-22 Design Spectrum
	Jensen Filtration Plant Generator BuildingComparison with ASCE 7-22 Design Spectrum
	1994 Northridge – Newhall Fire Station
	1994 Northridge – Newhall Fire StationComparison with ASCE 7-22 Design Spectrum
	1994 Northridge – Newhall Fire StationComparison with ASCE 7-22 Design Spectrum
	1971 San Fernando – Pacoima Dam
	1971 San Fernando – Pacoima DamComparison with ASCE 7-22 Design Spectrum
	1971 San Fernando – Pacoima DamComparison with ASCE 7-22 Design Spectrum
	Summary
	Proposed Change Currently being balloted in ASCE 7-28
	Case Study
	Case Study
	Case Study
	Case Study
	Takeaway from Case Study
	Additional studies 
	Additional studies 
	Additional studies 
	Additional studies 
	Additional studies 
	Additional studies 
	Recommendations! 



