
*  
Grad. Stud., Dept. of Architecture, Faculty of Engineering, Kanagawa University, 
M.Eng 

**  
Assist. Prof., Dept. of Architecture, Faculty of Engineering, Kanagawa University, 
Dr. Eng. 

***  Prof., Dept. of Architecture, Faculty of Engineering, Kanagawa University, Dr. Eng.
 

 
 
 
 

 
 

SIMPLE CALCULATION METHOD OF SEISMIC MOTION AMPLIFICATION RATIO CORRESPONDING 
TO FUNDAMENTAL PERIOD 

 
 

* ** *** 
Haizhong ZHANG, Takasuke SAITO and Yan-Gang ZHAO  

 
 
 

Seismic motion amplification ratio corresponding to fundamental period, Gs1, is a very important factor used for evaluating site effects. In 
this paper, a simple procedure for evaluating Gs1 of layered soil profiles is proposed. Firstly, a theoretical formula for Gs1 of a two-layer soil 
profile on elastic bedrock, is developed. For a multi-layer soil profile, the multiple soil layers are approximately replaced by equivalent two 
layers, then Gs1 of the multi-layer soil profile can be estimated by that of the equivalent two-layer soil profile on bedrock. To demonstrate 
the validity of this development, Gs1 of 68 representative soil profiles are evaluated, it is shown that the results by the proposed procedure 
agree well with those by the wave propagation method. Moreover, applying the proposed method for Gs1, free field response spectrum of 
4 soil profiles are evaluated, and compared with the results by program SHAKE, good agreement between results by the two methods is 
observed. 
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Fig.1 Two-layer soil profile on bedrock 
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Fig. 2 Verification of the formula (13) for undamped Gs1 of the two-

layer soil profile on bedrock 
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Fig. 4 Illustration of the concept of replacing a multi-layer soil profile 

on bedrock by an equivalent two-layer soil profile. 
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Fig. 3 Verification of the formula (15) for damped Gs1 of the two-

layer soil profile on bedrock 
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(b) Comparison of results calculated by Code method and SHAKE 
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Fig. 6 Verification of proposed method of Gs1 for multi-layer soil profiles on bedrock 

Fig. 5 Shear wave velocity of multi-layer soil profiles on bedrock used for analysis 
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Fig. 7 Shear wave velocity of multi-layer soil profiles on bedrock used for analysis 

Fig. 8 Comparison of free field acceleration response spectrum of the multi-layer soil profiles calculated by different methods
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It has long been recognized that the effect of local site on ground motion should be considered in the seismic design of 

structures. Site effects are generally considered as amplification of seismic motion from bedrock surface to surface of soil 
sediment. Many studies1-3) estimate the site effects by a transfer function of the specific site, based on one-dimensional wave 
propagation theory. However, these methods using the transfer function to estimate site effects are so complicated, that usually 
computer programs are necessary. For practical seismic design, a simple method that using representative parameters to 
characterize site effects is desirable. The first peak of the transfer function Gs1 corresponding to resonance that occurs at site 
fundamental period, usually is the maximum amplification ratio of seismic motion. Gs1 is very important information for 
understanding the amplification characteristic of local site, and has already been used as a factor to estimate site effects in 
many studies4-8).  

Assessment of Gs1 for layered soil profile has been focused on in many studies. A simple method for practical engineering has 
been developed in Japanese Seismic Code 4), in which, Gs1 is evaluated by approximating a multi-layer soil profile to an 
equivalent single layer by weighted averaging the soil shear wave velocity and density. However, it has been reported the 
method underestimates Gs1 in many cases6-7). Some improvements have been proposed by Koyamada 8), investigations have 
shown that the accuracy of this method can still hardly be accepted in engineering design7-8). Therefore, method of evaluating 
Gs1 with both simplicity and high accuracy is necessary to be developed for practical engineering. 

In this paper, a simple procedure for evaluating Gs1 of a layered soil profile is studied. Firstly, a theoretical formula for Gs1 of 
a two-layer soil profile on elastic bedrock, is developed. For a multi-layer soil profile, the multiple soil layers are approximately 
replaced by equivalent two layers, then Gs1 of the multi-layer soil profile can be estimated by that of the equivalent two-layer 
soil profile on bedrock. To demonstrate the validity of this development, Gs1 of 68 representative soil profiles are evaluated, it is 
shown that the results by the proposed procedure agree well with those by the wave propagation method. Moreover, applying 
the proposed method for Gs1, free field response spectrum of 4 soil profiles are evaluated, and compared with the results by 
program SHAKE, good agreement between results by the two methods is observed.  

The conclusions of this study can be drawn below. 
1) Equation for Gs1 of a two-layer soil profile on bedrock is derived based on the transfer function of the two-layer soil profile. 

And, the validity of the derived equations are checked using a series of two-layer soil profiles considering a wide range of 
parameters. 

2) For a multi-layer soil profile, a simplified procedure for approximating multiple soil layers to equivalent two layers is 
developed. Then, Gs1 of a multi-layer soil profile can be estimated by that of the equivalent two-layer soil profile on bedrock. 
To demonstrate the validity of this development, Gs1 of 68 representative soil profiles are evaluated, it is shown that the 
results by the proposed procedure agree well with those by the wave propagation method. 

3) To check the applicability of the proposal for the design method in Japanese Seismic Code 4), free field response spectrum 
of 4 soil profiles are evaluated applying the proposed method for Gs1. Good agreement between the results by proposal and 
those by program SHAKE is observed. 

4) By comparing Gs1 calculated by the proposed method with those by current methods, it is found that the accuracy of the 
proposed method is better.
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