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US-APWR Design Certification 
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SRP SECTION:   03.07.02 – Seismic System Analysis 

APPLICATION SECTION: 3.7.2 
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QUESTION NO. RAI 03.07.02-64: 

In MUAP-11002 (R0) Subsection 7.1.1, “Approaches for Developing Maximum Relative 
Displacement,” the second bullet of the second paragraph (page 23) states, “Compute 
acceleration transfer functions relative to the reference node using the absolute acceleration 
transfer functions computed for the select nodes with the ACS SASSI MOTION module.” 
The applicant is requested to provide technical details for computing the relative acceleration 
transfer functions and to explain how the phase is maintained if the absolute acceleration transfer 
functions are used. 
 

ANSWER: 

This answer revises and replaces the previous MHI answer that was transmitted by letter UAP-
HF-11249, dated August 1, 2011 (ML11215A104). 

The acceleration transfer functions at the selected nodes were calculated in the ACS SASSI 
MOTION module.  The ACS SASSI PREP User's Manual (Reference 1), Section 3.5.11, states 
the following: 
 

“The transfer function for seismic problems is defined for total acceleration response 
while for foundation vibration problems, it is defined for total displacement response.” 

 
For the soil-structure interaction (SSI) analyses performed in Technical Report MUAP-11002, Rev. 
0, the “analysis type” used for the ACS SASSI computer program is the “seismic” analysis, and 
the outputs for the transfer functions at the selected nodes computed by the ACS SASSI 
MOTION module are the total acceleration transfer function.  The “absolute acceleration transfer 
functions” used in the second bullet of the second paragraph in Technical Report MUAP-11002 
Rev. 0, Subsection 7.1.1, means “total acceleration transfer functions.”  The term is used to 
differentiate it from the term “relative acceleration transfer functions” presented in the third bullet 
in Section 7.1.1 of the report.  The “absolute” used here does not mean in the positive value only 
for amplitude and phase of transfer functions.  To avoid confusion with the term “absolute,” the 
second paragraph in the Technical Report MUAP-11002 Rev. 2, Subsection 4.3.1 was revised as 
shown in the following: 
 

“Compute acceleration transfer functions for the free-field reference node and the 
acceleration transfer functions for the T/B [Turbine Building] and Electrical Room nodes 
using the ACS SASSI MOTION module.” 
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The relative acceleration transfer functions at the selected nodes were calculated as the 
difference between the acceleration transfer functions of the selected nodes and the reference 
node for both amplitude and phase, respectively.  The detail of this calculation is described in the 
following paragraphs. 
 
The acceleration transfer functions computed by the ACS SASSI MOTION module contain data in 
three separate columns saved in text file format with extensions .TFU and .TFI for the un-
interpolated transfer function and interpolated transfer function, respectively.  In the un-
interpolated transfer function text file (.TFU), the data in the first column contains the selected 
frequencies used for a SSI analysis.  The data in the second column contains the acceleration 
transfer function amplitudes that represent how the amplitudes of the frequency contents in the 
input motion are amplified.  The data in the third column contains the phases of the acceleration 
transfer function that represent how the phases of the frequency contents in the input motion are 
adjusted.  The interpolated transfer function text file (.TFI) contains similar information as the un-
interpolated transfer function text file (.TFU) with additional amplitudes and phases computed 
using the interpolation function for additional frequencies between the selected frequencies used 
for the SSI analysis.   
 
Only the interpolated transfer function text files (.TFI) are needed for computing the relative 
acceleration transfer function.  To obtain the relative acceleration transfer function, a reference 
node is needed to be defined by the user to the location where the analysis is relative to.  The 
relative acceleration transfer function of a selected node is the difference of the total acceleration 
transfer function amplitudes and the difference of phases between the selected node and the 
reference node calculated at each frequency.  Since the amplitudes and phases are stored in 
different columns in the interpolated transfer function files (.TFI), the calculation for the relative 
amplitudes and phases are handled separately.   
 
To evaluate the gap between the T/B complex structures and the Reactor Building complex 
structures, the relative displacements of the T/B and Electrical Room are calculated relative to the 
bottom of the T/B.  A reference node was defined as the bottom of the Turbine Building in the free 
field at EL. -24.5833 feet.  The relative acceleration transfer functions were computed using the 
ACS SASSI RELDISP module as follows: 

 For the US-APWR T/B complex SSI analyses, the bottom of the T/B is where the input 
ground motion is applied. 

 As shown in the attached Table 1, three different interpolated transfer function (TFI) files 
were generated as the total acceleration transfer functions of the reference node under 
each input ground motion in X-, Y- or Z-directions.   

 Since the reference node is located in the free field at the same level where the input 
motion is applied, the acceleration response of the reference node is the same as the 
response of the input ground motion.  As shown in Table 1, if the calculated output 
direction is the same as the direction of input ground motion, the TFI file of the reference 
node has value “1” for amplitudes and value “0” for phases for all frequencies, which 
indicates the acceleration response of the reference node is the same as the input motion 
ground at the calculated output direction.   

 Since the components of the input ground motion are statistically independent with each 
other, the TFI files of the reference node in other two perpendicular directions, which are 
perpendicular to the input ground motion direction, has value “0” for both amplitude and 
phases for all frequencies, which indicates no acceleration response at the reference 
node location in other two directions.   

 For example, if the input ground motion is in the X direction, the value “1” is assigned as 
the transfer function amplitude for all frequencies in the X direction TFI file (i.e., 
00000TR_X.TFI) of the reference node, and the value “0” is assigned as the transfer 
function amplitude for all frequencies in the other two directional (Y and Z) TFI files (i.e., 
00000TR_Y.TFI and 00000TR_Z.TFI) of the reference node.  The value “0” was assigned 
in the phase column for all frequencies in all three directional TFI files of the reference 
node.   
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 The relative acceleration transfer functions at the selected node were computed for each 
individual direction, X, Y or Z, as the difference between the total acceleration transfer 
functions of the selected node and the reference node for both amplitude and phase, 
respectively.  

 
Using the complex Fourier transform approach presented above, the ACS SASSI REDISP 
module handles both Fourier amplitude and phase accurately.  Since the amplitudes and phases 
of the relative acceleration transfer function were calculated separately, the phases of the relative 
acceleration transfer functions were preserved and maintained.  
 
 

Table 1.  Interpolated Transfer Function Files Generated for the Reference Node Used in 
the ACS SASSI RELDISP Module 

Input 
Ground 
Motion 

TFI File Name for 
Reference Node 

 
Value for All Frequencies Remarks 
Amplitude Phase 

X-
Direction 

00000TR_X.TFI 1 0 
The calculated output direction is 
same as the direction of input 
ground motion. 

00000TR_Y.TFI 0 0 
The calculated output direction is 
different than the direction of input 
ground motion. 

00000TR_Z.TFI 0 0 
The calculated output direction is 
different than the direction of input 
ground motion. 

Y-
Direction 

00000TR_X.TFI 0 0 
The calculated output direction is 
different than the direction of input 
ground motion. 

00000TR_Y.TFI 1 0 
The calculated output direction is 
same as the direction of input 
ground motion. 

00000TR_Z.TFI 0 0 
The calculated output direction is 
different than the direction of input 
ground motion. 

Z-
Direction 

00000TR_X.TFI 0 0 
The calculated output direction is 
different than the direction of input 
ground motion. 

00000TR_Y.TFI 0 0 
The calculated output direction is 
different than the direction of input 
ground motion. 

00000TR_Z.TFI 1 0 
The calculated output direction is 
same as the direction of input 
ground motion. 

 
References:  
 

1. ACS SASSI NQA Version 2.3.0, An Advanced Computational Software for 3D Dynamic 
Analysis Including Soil-Structure Interaction, User Manual, Revision 7, September 26, 
2012 

 
Impact on DCD 

There is no impact on the DCD. 
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Impact on R-COLA 

There is no impact on the R-COLA.  

Impact on S-COLA 

There is no impact on the S-COLA.  

Impact on PRA 

There is no impact on the PRA.   

Impact on Technical/Topical Report 

There is no impact on a Technical/Topical Report. 

This completes MHI’s response to the NRC’s question. 
 


