
C:\ena_hr_to_bc\ab06_psa_vs_vs30\AB06_hard_rock_gmpes_and_BC 
gmpes_vs_v30_v3.0.doc 

1

Comparing Atkinson and Boore (2006) (AB06) motions for hard rock GMPEs and BC 
gmpes, with site amplifications as a function of 30SV . 
 
 
AB06 has two sets of coefficients, one for hard rock and one for BC conditions 
( 30 760 m/sSV = ).   The site amplifications for the BC simulations are given in Table 4 of 
AB06.  These were derived using the velocity profile in Frankel et al. (1996), using 
square-root-impedance calculations (but note that the average kappa used in deriving the 
BC motions was 0.02 s, whereas that used by Frankel et al. was 0.01 s).  (For the 
convenience of the reader, the relevant portions of the AB06 paper discussing the 
development of the BC motions and also the equations for soil response are included at 
the end of this document.)  In addition, soil amplification factors from Boore and 
Atkinson (2008) (BA08) are provided to allow the prediction of ground motions for sites 
with 30SV  not equal to 760 m/s (the BA08 amplifications are based on Choi and Stewart, 
200x).   But these coefficients were not to be used for 30 1300 m/sSV > .  These notes show 
the consequence of ignoring that stipulation.  The figures are for PSA at f=0.2, 0.5, 1.0, 
5.0, 10.0 Hz (T=5, 2, 1, 0.2, and 0.1 s) and for PGA (f=99 in the figures, although this is 
not the oscillator frequency at which PSA~PGA in ENA; see 
http://www.daveboore.com/daves_notes/daves_notes_at_what_period_does_psa_equal_p
ga.pdf).  Each figure shows PSA vs 30SV , for M 5, 6, and 7 and Δ 140 barsσ = .  Separate 
figures are given for 15 kmCDR = and 150 km.  The results should be self explanatory.  A 
heavy vertical black line is plotted at the BC boundary velocity of 760 m/s.  Did we 
constrain the two to give the same amplification for f=5 Hz and 30 2000 m/sSV = ?  No. 
 
To show the effect of using the AB06 soil amplifications to go from hard rock to softer 
material, for R= 15 and M 6 I plot with dashed green lines the result of pinning the 
ground motions from the AB06 soil coefficients to the AB06 hard rock values. 
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Some observations: 
 
1.  The amplifications have little dependence on M and R, as expected (except for higher 
frequencies, small 30SV , large M and small R, where nonlinear effects are important). 
 
2. If I had used soil amps to go from HR to softer material, in all but the f=5 Hz cases the 
motions would be overpredicted (by a factor of 1.9 for PGA). 
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Discussion: 
 
The results above suggest a procedure for modifying stable continental region GMPEs 
(SCR GMPEs) developed for Vs30 that are lower than 2000 m/s to very hard rock site 
conditions (e.g., Somerville et al., 2009) use Vs30=865 m/s): 
 
1.  Use the soil amps in GMPEs such as the NGA-W GMPEs to modify the PSA values 
from the Vs30 used in the derivation of the SCR GMPEs to Vs30=760 m/s. 
 
2.  Use ratios of AB06 (modified as in AB11) PSA for very hard rock to BC to modify 
the modified SCR GMPE PSA values.   Here is a figure of the AB06 ratios for many M, 
R, and periods (the values greater than unity for PGA are due to the very low value of 
kappa used for hard rock---0.005 s vs 0.02 s for BC.   
 

 
 
I’ll provide a table of ratios upon request. 
 
Note that the suggested procedure is dependent on the velocity profile and kappa used by 
AB06 in deriving their BC amplifications.   In particular, for short period PSA and PGA 
the kappa used in the AB06 BC simulations would give very different results than if a 
different value of kappa was used (e.g., Frankel et al. (1996) used kappa=0.01 s).  I have 
not shown that here, but it is in a draft note that Ken Campbell and I are preparing.  Also 
see Van Houtte et al. (2011).   
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Excerpt from AB06 regarding the soil amplifications: 
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