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QUESTION NO. 03.08.04-33: 

In its response to Question 3.8.4-2, MHI explains that the amplification factor, Cd , in 
ASCE/SEI 7-05 was not used because analyses carried out for the US-APWR are based on 
the requirements of SRP 3.7.1 and 3.7.2 which are different from and much more stringent 
than those in ASCE/SEI 7-05. In addition, MHI notes that the US-APWR seismic analyses 
are based on generic ground motion response spectra that must be confirmed for a particular 
specific plant site. Also, these analyses are based on a mean annual probability of 
exceedance lower than or equal to 10-4, while development of ground motion spectra using 
ASCE 7-05 is based on a mean annual probability of exceedance of 10-2. MHI states that 
using ASCE/SEI 7-05 requires use of an amplification factor in an attempt to account for the 
uncertainties in several factors, such as site-specific soil amplification, lower intensity of 
ground motion obtained by using ASCE 7-05, and others. MHI also notes that ASCE/SEI 7-
05 does not contain any special requirements for SSI analysis, while these were carried out 
for US-APWR. MHI concludes that ASCE/SEI 7-05 is more suitable for application to 
commercial or residential buildings and is not appropriate for the US-APWR NPP. 

The staff notices that in the response, MHI states that “ASCE/SEI 7-05 code seismic design 
is based on design ground motion with mean annual probability of exceedance of 
approximately 102.” If “mean annual probability of exceedance” means “mean annual 
frequency of exceedance”; then, this statement is not correct. The annual probability of 
exceedance for the ground motion considered in ASCE/SEI 7-05 is 4×10-4. MHI also stated 
that “The design ground motion is defined by mapped spectral values without explicit 
consideration of site-specific geological, seismological, geophysical or geotechnical 
conditions.” This statement is not correct. ASCE/SEI 7-05 does consider allt hese factors. 
For example, the site classification procedure in Chapter 20 of ASCE/SEI7-05 and the Site 
Coefficients, Fa and Fv, in Table 11.4-1 and Table 11.4-2 of ASCE/SEI7-05 are used to 
consider the site-specific conditions. 

In the response, MHI gave several reasons why ASCE/SEI 7-05 requires the gap 
displacement calculated based on the elastic analysis be amplified by a deflection 
amplification factor. However, MHI failed to mention that one of the main reasons for 
applying an amplification factor to the displacement calculated based on the elastic analysis 
is to account for the effect of concrete cracking and the p-delta effect. One can avoid using 
this amplification factor by performing a nonlinear analysis that takes the concrete cracking 
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into consideration. For the US-APWR standard plant MHI calculated the displacement based 
on the lump-mass stick model which is an elastic analysis, and the effect of concrete 
cracking is not considered. However, the staff notices that the major lateral stiffness of the 
US-APWR plant comes from the shear walls, and in its response to Question 3.8.4-20 of this 
RAI, MHI indicated that shear walls of the USAPWR standard plant will crack. As a result of 
this, the lateral stiffness of the plant structure is reduced and the lateral displacement will be 
increased. Therefore, the effect of concrete cracking should be accounted for in the 
displacement calculation. MHI stated that the requirements of SRP 3.7.1 and 3.7.2 are more 
stringent than those of ASCE/SEI7-05, and the staff agrees with MHI on this point, and that 
is why MHI is requested to consider the concrete cracking. The staff realizes that ASCE/SEI 
7-05 may not be applicable for the standard seismic design of US APWR seismic Category I 
and II buildings. Finally, MHI did not address the question in the last sentence in which MHI 
is requested to consider the effect of the differential settlement at the basemat in the lateral 
displacement calculation. 

The applicant is requested to provide the following information: 

1. If the applicant does not want to follow the methodologies used in ASCE/SEI 7-
05to account for the concrete cracking; i.e., applying an amplification factor to the 
elastic solution, the applicant is requested to perform an analysis considering the 
effect of concrete cracking. 

The applicant is requested to address the last sentence in the question, which is to consider 
the effect of the differential settlement at the basemat in the lateral displacement calculation. 

Reference: MHI response to RAI 342-2000, dated 7/3/2009, MHI Ref: UAP-HF-
09360,ML091900558. 
 

ANSWER: 

This answer revises and replaces the previous MHI answer that was transmitted by letter 
UAP-HF-10047 (ML100550204). 

A lumped mass stick model of the seismic Category I structures is no longer used for the 
seismic analyses in Technical Report MUAP-10006, Rev. 3.  The reactor building (R/B), 
prestressed concrete containment vessel (PCCV), containment internal structure (CIS), 
auxiliary building (A/B), and power source buildings (PS/Bs) are now on a common basemat 
and are represented by a finite element (FE) model.  This structure is now identified as the 
R/B complex. 

In lieu of the methodologies presented in American Society of Civil Engineers (ASCE)/SEI 7-
05 to account for the concrete cracking, (i.e., applying an amplification factor to the elastic 
solution), the design of US-APWR standard plant structures is based on seismic responses 
from the dynamic FE models of US APWR structures, considering the effects of concrete 
cracking and soil-structure interaction (SSI) using ACS SASSI.  Technical Report MUAP-
10006, Rev. 3 documents these analyses for the R/B complex.  The Technical Report 
addresses the following issues: 

 The development of acceleration time histories compatible with the US-APWR 
certified seismic design response spectra (CSDRS) used in the analyses as input 
design ground motion; 



3.8.4-3 

 The consideration of generic soil profiles that provide a representation of the site 
conditions at candidate sites within Continental U.S.; 

 The consideration of the frequency dependence of the SSI; 

 The ability of the models to adequately represent the dynamic properties of the 
structures and address effects of concrete cracking on the seismic response, 
particularly with respect to stiffness and damping.  In order to capture the variations 
of dynamic properties of US-APWR standard plant seismic Category I structures due 
to concrete cracking, the site-independent SSI analyses consider two levels of 
stiffness and damping properties: 
1) full (uncracked concrete) stiffness and lower operating-basis earthquake (OBE) 
material damping; and 2) reduced (cracked concrete) stiffness and higher safe-
shutdown earthquake (SSE) material damping.  The detailed methodology for 
consideration of cracking in seismic Category I structures is presented in Technical 
Report MUAP-10006, Rev. 3, Sections 02.3.3 and 02.4.2; 

 The consideration of effects of potential concrete cracking in the development of in-
structure response spectra (ISRS).  ISRS for the R/B complex are derived to envelop 
the seismic responses due to cracked and uncracked conditions as shown in 
Technical Report MUAP-10006, Rev. 3, Section 03.3.6. 

The maximum lateral displacement calculations for the standard plant include the following: 

 Structural displacements due to the SSI analyses considering both full (uncracked) 
and reduced (cracked) concrete stiffness as presented in Technical Report MUAP-
10006, Rev. 3, Section 03.4.4; 

 Effects due to differential settlement and tilt produced by short term and long term 
static loads as provided in the response to RAI 855-6090, Question No. 03.08.05-42; 

 Displacements due to sliding of the R/B complex and turbine building (T/B) as 
presented in Technical Report MUAP-12002, Rev. 1. 

The current limits for acceptable settlement are given in Design Control Document (DCD) 
Chapter 2, Table 2.0-1. 

Impact on DCD 

There is no impact on the DCD. 

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. 



3.8.4-4 

Impact on Technical/Topical Report 

There is no impact on the Technical/Topical Report. 
 

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


