Earthquake Definitions

 Maximum Credible Earthquake (MCE): The largest earthquake that appears
capable of occurring under the known tectonic framework for a specific fault or
seismic source, as based on geologic and seismologic data. Based on the
maximum earthquake from deterministic analyses (DSHA). There may be
multiple MCEs for a site, each from a different fault or seismic source.

 Controlling Earthquake or Maximum Design Earthquake (MDE): The
earthquake that is expected to produce the strongest level of shaking at a site.
Often used interchangeably with MCE (above), but is based on ground
motions, not earthquake size. The MDE can be based on deterministic or
probabilistic methods. For critical structures, the MDE may equal the MCE
from a specific fault or seismic source. For other structures, the MDE is less
than the MCE and may be based on probabilistic methods.

* Maximum Considered Earthquake (MCE): Used by the building codes and
building code documents (IBC, ASCE 7-05, NEHRP, etc.) to define the 2%/50
year earthquake motion. It is the event considered to be applicable to building
code design, and is based on probabilistic methods. Often confused with
maximum credible earthquake. Only use MCE (considered) when talking
about building codes, and always clarify up front which MCE is being
discussed.




Earthquake Definitions

» Operating Basis or Operating Level Earthquake (OBE or OLE): The
earthquake for which a structure is designed to remain operational, with the
damage being readily repairable following the event. The OBE/OLE is likely to
occur during the design life of the structure. Based on probababilistic
methods, and is generally the 50%/50 year earthquake motion.

* Design Earthquake: Used by the building codes as 2/3 of the MCE
(considered) motion.

« Contingency Level Earthquake (CLE): Earthquake event that is expected to
produce significant damage, but damage that is repairable. Based on
probabilistic method, and is generally the 10%/50 year earthquake maotion.

« Controlling source(s) — earthquake with the greatest hazard, may be more
than one source if they control in different period ranges.
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Code Usage

e 2006 IBC
— Use 2002 USGS
— Use 2003 NEHRP Need to use documents that
— USE ASCE 7-05 are specific for the code being

used.

e 2009 IBC/2010 OSSC
— Use 2002 USGS
— Use 2003 NEHRP
— USE ASCE 7-05

« 2012 IBC
— Use 2008 USGS
— Use 2009 NEHRP
— USE ASCE 7-10



IBC Code is based on 2%/50yr motions (currently)
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3.3 GENERAL PROCEDURE

3.3.1 Mapped acceleration parameters. The parameters Ss and §; shall be determuned from the

respective 0.2 sec and 1.0 sec spectral response accelerations shown on Figures 3 3-1 through Figures
3.3-14.

3.3.2 Site coefficients and adjusted acceleration parameters. The maximum considered

earthquake (MCE) spectral response acceleration parameters Sy and Syg, adjusted for site class
effects, shall be determined using Eq. 3.3-1 and 3.3-2, respectively:

S, =E.S; (3.3-1)

and

Su = FS) (3.3-2)

where Fi and Fv are defined in Tables 3.3-1 and 3.3-2, respectively.

Table 3.3-1 Values of Site Coefficient F,

Mapped MCE Spectral Response Acceleration Parameter at 0.2 Second
Period“
Site Class S = 0.25 Sg=0.50 Ss=10.75 Sg=1.00 Sg = 1.25
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.2 1.2 1.1 1.0 1.0
D 1.6 14 1.2 1.1 1.0
E 25 1.7 1.2 0.9 0.9
E _b _b _ b _ b _ b
? Use straight line interpolation for ntermediate values of S;.
? Site-specific geotechnical investigation and dynamic site response analyses shall be performed.




Table 3.3-2 Values of Site Coefficient F,

Mapped MCE Spectral Response Acceleration Parameter at 1 Second
Period”
Site Class S5;r<£01 5;=02 5;=03 5:1=04 5= 05
A 0.8 0.8 038 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.7 1.6 1.5 14 1.3
D 24 2.0 1.8 1.6 L5
E 35 32 28 24 24
E _b _b _ b b b
“ Use straight line interpolation for intermediate values of §).
® Site-specific geotechnical investigation and dynamic site response analyses shall be performed.

3.3.3 Design acceleration parameters. The parameters Sps and Sp; shall be determined from Eq.
3.3-3 and 3.3-4, respectively:

51}3 = E Sm

and

2
5}31 = E’g_lfl




N
3.3.4 Design response spectrum. Where a design response spectrum 1s requured by these Provisions
and site-specific procedures are not used, the design response spectrum shall be developed as mdicated
in Figure 3.3-15 and as follows:
1. For periods less than or equal to T, S, shall be taken as given by Eq. 3.3-5:

S
S, =06—T+045,,

1 (3.3-5)
For periods greater than or equal to Tp and less than or equal to Ts, S, shall be taken as equal to Sps
For periods greater than T and less then or equal to T;, S, shall be taken as given by Eq. 3.3-6:
3,

5 =0
T (3.3-6)
4. For periods greater than I7 , S, shall be taken as given by Eq. 3.3-7.
SoiT L

T’ (3.3-7)

]

L

Sa=
where:

Sps = the design spectral response acceleration parameter at short periods
Sp; = the design spectral response acceleration parameter at 1 second period
T = the fundamental period of the structure (sec)

Tp = 0.25pySps

Is = Spi/Sps

I: = Long-period transition period shown in Figure 3.3-16 (conternunous U.S. except
Califormia), Figure 3.3-17 (Califormia), Figure 3 3-18 (Alaska), Figure 3 3-19
(Hawati), Figure 3.3-20 (Puerto Rico), and Figure 3.3-21 (Guam and Tutuila).



IBC (code-based) design spectra.

Buildings designed following code provisions are assumed to have a
margin of collapse of 1.5.

5% damping

Spectral Response Acceleration, Sa (g)
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Figure 3.3-15 Long-Period transition Period.
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Do not use this figure, but use for understanding of response. The Deep
Cohesionless curves is unconservative (see next slide).
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from 2003 NEHRP
same as 2006 IBC

Table 3.3-1 Values of Site Coefficient F,

Mapped MCE Spectral Response Acceleration Parameter at 0.2 Second

Period”’
Site Class Ss < 0.25 Ss=10.50 Ss=10.75 Ss=1.00 Ss = 1.25
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0] 1.0 1.0 1.0
C 1.2 1.2 1.1 1.0 1.0
D 1.6 1.4 1.2 1.1 1.0
E 2.5 1.7 1.2 0.9 0.9
r b b b _ b _ b

“ Use straight line interpolation for intermediate values of S.
* Site-specific geotechnical investigation and dynamic site response analyses shall be performed.




from 2003 NEHRP
same as 2006 IBC

Table 3.3-2 Values of Site Coefficient F,

Mapped MCE Spectral Response Acceleration Parameter at 1 Second

Period
Site Class S; <0.1 S;=0.2 $:=03 S =04 S; =035
A 0.8 0.8 0.8 0.8 0.8
B 1.0 1.0 1.0 1.0 1.0
C 1.7 1.6 1.5 1.4 1.3
D 24 2.0 1.8 1.6 1.5
E 3.5 32 2.8 2.4 2.4
F _b _b _b _ b _ b

? Use straight line interpolation for intermediate values of ;.
> Site-specific geotechnical investigation and dynamic site response analyses shall be performed.
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