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ABSTRACT 

The goal of this paper is to propose the response 
spectra by blind faults for seismic design of nuclear 
power facilities.   

It is impossible to evaluate earthquake ground 
motions from blind faults, because the size and the 
location of blind fault cannot be identified even if the 
detailed geological surveys are conducted. From the 
viewpoint of seismic design, it is crucial to investigate 

the upper level of earthquake ground motions due to 
blind faults. 

In this paper, 41 earthquakes that occurred in the 
upper crust in Japan and California are selected and 
classified into the active and the blind fault types.  On 
the basis of near-source strong motion records 
observed on rock sites, upper level of response spectra 
by blind faults is examined.   

The estimated upper level is as follows: the peak 
ground acceleration is 450 cm/s2, the flat level of the 
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acceleration response spectra is 1200 cm/s2, and the 
flat level of the velocity response spectra is 100 cm/s 
on rock sites with shear wave velocity Vs of about 700 
m/s. The upper level can envelop the observed 
response spectra in near-source region on rock sites.   

1. INTRODUCTION 
The response spectra of the ground motion with 

periods from 0.02 to 0.5 seconds on the free rock 
surface caused by blind faults that are difficult to 
identify in advance are calculated as follows. 

 

2. RESPONSE SPECTRA  
The response spectra of the horizontal and vertical 

ground motions on free rock surfaces are evaluated by 
multiplying the horizontal earthquake ground motion 
on seismic bedrock by the amplifications of horizontal 
and vertical motion due to surface layers. 

2.1 Horizontal Ground Motion on 
Seismic Bedrock 

The response spectrum Sb(T) of a horizontal 
ground motion on seismic bedrock, which is the 
acceleration response spectrum with a damping factor 
of 5%, is obtained from the pseudo-velocity response 
spectrum of the period T(s) represented by the control 
point in Table 1. 

2.2 Horizontal and Vertical Ground 
Motion on the Free Rock Surface 

2.2.1 Horizontal Ground motion 
The response spectrum of the horizontal ground 

motion on the free rock surface at the control point 
with a specified period is calculated as follows. 

We multiply the horizontal ground motion 
spectrum on the seismic bedrock for the control point 
given by Table 1, by the amplification of horizontal 
motion due to the surface layers following the method 
of Reference 1. The amplification is a function of both 
the S-wave velocity at the free rock surface and the 
dominant period of the surface layers between the 
seismic bedrock and the free rock surface. 
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where Sh(T) is the pseudo-velocity response spectrum 
(cm/s) of horizontal earthquake ground motion on the 
free rock surface, T is the period of control points in 
Table 1, Sb(T) is the pseudo-velocity response 
spectrum (cm/s) of horizontal earthquake ground 
motion on the seismic bedrock from Table 1, and αh(T) 
and βh(T) are amplifications of horizontal motion by 
the surface layers expressed by Eqs. (2) and (3) below. 

The amplifications of seismic waves due to the 
surface layers overlaying the seismic bedrock depend 
on the S-wave velocity of the ground are given by the 
equations below. When Vs exceeds 2.2 km/s, we use 
instead αh(T)=1.0. 
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where Vs is the S-wave velocity (km/s) of the free rock 
surface, not more than 2.2 (km/s), Ts1 is dominant 
period of horizontal ground motion caused by the 
surface layers overlaying the seismic bedrock, and 
δh(T) is the coefficient given in Table 2. 

2.2.2 Vertical Ground motion 
The response spectrum of the vertical ground 

motion on the free rock surface at the control point 
with a specified period is calculated as follows. 

We multiply the horizontal ground motion 
spectrum on the seismic bedrock for the control point 
given by Table 1, by the amplification of vertical motion 
due to the surface layers following the method of 
Reference 1. The amplification is a function of both the 
P-wave velocity at the free rock surface and the 
dominant period of the surface layers between the 
seismic bedrock and the free rock surface. 

 
)()()()( TTTSTS vvbv βα ⋅⋅=  (4) 

 
where Sv(T) is the pseudo-velocity response spectrum 
(cm/s) of vertical earthquake ground motion on the free 
rock surface, and αv(T) and βv(T) are amplifications of 
vertical motion by the surface layers expressed by Eqs. 
(5) and (6) below. 

The amplifications of seismic waves due to the 
surface layers overlaying the seismic bedrock depend on 
the P-wave velocity of the ground are given by the 
equations below. When Vp exceeds 4.2 km/s, we use 
instead αv(T)=1.0. 
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where Vp is the P-wave velocity (km/s) of the free rock 
surface, not more than 4.2 (km/s), Tp1 is dominant period 
of vertical ground motion caused by the surface layers 
overlaying the seismic bedrock, δv(T) is the coefficient 
given in Table 2, and αbv(T) is the vertical-to-horizontal 
response spectral ratio on the seismic bedrock. 

When Ts1 or Tp1 does not equal the periods of the 
control points shown in Table 1, new control points for 
them are added. 

From the spectrum obtained above, the response 
spectrum for a period not equal to the period of the 
control points is determined by interpolation along a 
straight line in a diagram where the abscissa is the 
logarithm of the period and the ordinate is the logarithm 
of the pseudo-velocity response spectrum. 

3. SUPPLEMENT 

3.1 Position of This Evaluation Method 
This method evaluates the ground motions on free 

rock surface from blind fault that cannot be identified, 
as a nationwide uniform method, supposing the 
detailed geological surveys are conducted in advance. 
Therefore, this method shall not deny evaluation of the 
ground motion at each site based upon seismological 
information such as the seismological tectonics around 
that site. 

This evaluation method is applicable to inland 
earthquakes at depths less than or equal to 60km, and 
is not for earthquakes at plate interfaces or within the 
plate, where the ground motion by such earthquakes 
should be evaluated separately for each site. 

3.2 Range of Data 
In order to examine this evaluation method, strong 

motion records by earthquakes that occurred in the 
upper crust in Japan and California are selected. The 
ranges of these data were Mw = 5.6 to 6.2, the shortest 
distance to the fault Xsh = 3 to 17km (equivalent 
hypocentral distance Xeq = 9 to 24km), and they are all 
by shallow earthquakes that the depth of the center of 
the fault are all less than or equal to 20km. 

The observation points the soft sediments layer of 
which is less than or equal to 10m and indicated the 
presence of “Rock” layer under there are selected to 
evaluate strong motion characteristics not affected by 
soft ground. 
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3.3 The Amplification due to The Surface 
Layers of The Ground in This Evaluation 
Method { }

{ }
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In Reference 1., the relation between the shear 
wave velocity of the free rock surface and  the 
amplification of seismic waves due to surface layers 
are estimated using the ground motion records at rock 
site composed of the Tertiary or old strata which have 
different hardness. In these observation points, the 
S-wave velocity Vs ranges from 0.5 to 2.7 km/s and the 
P-wave velocity Vp ranges from 1.7 to 5.5 km/s. Also 
in this evaluation method, we apply the same 
amplification ratio of seismic waves due to surface 
layers as Reference 1. But if there are many 
observation records at the site, the own amplification 
of the site should be evaluated on the comparison with 
the evaluation of earthquake ground motion on seismic 
bedrock following the method of Reference 1. On the 
evaluation, the ranges of the data should be within 
those used in Reference 1. 

 

4. CONCLUSIONS  
We propose the response spectra by blind faults 

for seismic design of nuclear power facilities. The 
estimated upper level is as follows: the peak ground 
acceleration is 450 cm/s2, the flat level of the 
acceleration response spectra is 1200 cm/s2, and the 
flat level of the velocity response spectra is 100 cm/s 
on rock sites with shear wave velocity Vs of about 700 
m/s. The upper level can envelop the observed 
response spectra in near-source region on rock sites. 
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Table 1. Control Points of Horizontal Earthquake Motion on Seismic Bedrock 

Near the Source Which Can Not Be Identified in Advance 

T (s) 0.02 0.09 0.13 0.30 0.60 1.00 2.00 5.00
Sb (cm/s) 1.432 15.58 23.45 38.38 57.71 49.73 40.01 38.66

Response spectrum of Horizontal Ground motion Sb (cm/s)

The value of Sb is pseudo-velocity response spectrum with a dumping factor of 5%.
 
 

Table 2. Coefficients 　h(T), 　v(T), and 　bv(T) 

T (s) 0.02 0.09 0.13 0.30 0.60 1.00 2.00 5.00
δh(T) 0 0.03 0.05 0.35 0.48 0.61 0.80 0.83
δv(T) 0.12 0.26 0.42 0.67 0.90 1.03 1.10 1.09
αbv(T) 0.58 0.55 0.52 0.59 0.56 0.60 0.70 0.75

 
 
 
 
 
 

 Copyright © 2005 by SMiRT18 3019


