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QUESTION NO. 03.07.02-221: 

Section 4.5 of MHI’s TR MUAP-12002 (R0), "Sliding Evaluation and Results," indicates that, 
based on the conservative sliding stability analyses, it is appropriate to use a factor of safety 
(FOS) of 2 times the calculated maximum sliding for the design of umbilicals. The TR 
references ASCE 43-05 for the FOS of 2 to 3 applied to sliding analyses. However, ASCE 
43- 05 indicates that a FOS of 3.0 be used for sliding and a FOS of 2.0 for rocking when 
using median-centered analysis techniques to predict “best-estimate” values. The staff notes 
that the applicant has not adopted the FOS of 3.0 for the sliding as recommended in ASCE 
43-05.   

Thus, the applicant is requested to provide a technical basis and justification for not 
considering a FOS of 3.0 for calculating the maximum sliding for the design of umbilicals, 
and discuss how the inherent uncertainties in the nonlinear analysis have been accounted 
for.   

Also, the FOS should not be limited to just design of umbilicals, but should include the design 
of all aspects related to interaction between adjacent structures and components (e.g., 
structural gaps, structural connections such as buried tunnels, buried commodities). In 
addition, the applicant is requested to discuss the FOS that will be considered in such cases. 
 

ANSWER: 

There are a series of conservative provisions in the nonlinear sliding analysis.  These 
provisions and their effect on the sliding analysis results are briefly discussed below, and 
their effect on the sliding analysis results is quantified in detailed discussions provided in 
Section 6.3 of the Technical Report MUAP-12002, Rev. 1. 

1. Conservatism related to the input to the nonlinear sliding analysis: (1) All dynamic inputs 
are factored by 1.1, and (2) A conservative value for the friction coefficient of 0.50 is 
used instead of a more realistic value of 0.55, which is still conservative but, based on 
empirical evidence, is more appropriate for the subgrade materials considered in the 
Design Control Document (DCD), (3) A conservative elevation for groundwater, and (4) 
consideration of the effects of the live load.  All of these effects are quantified and 



3.7.2-2 

conservative values for all are used in the sliding analyses.  In addition, sliding for the 
structures for all six soil profiles were evaluated. 

2. Conservatism related to the analysis process: The sliding analyses were conducted 
considering the effect of concrete cracking and explicit consideration of rocking input 
motion.  

3. Conservatism related to result processing:  The sliding analysis the maximum results 
obtained for each structure (Reactor Building (R/B) Complex or Turbine Building (T/B)) 
are statistically processed to obtain maximum expected values of sliding with a 
probability of exceedance of 2.5-percent, as described in Section 5.4 of the Technical 
Report MUAP-12002, Rev. 1.  Statistical processing is performed separately for soil 
profiles and for rock profiles, and the results are enveloped.  No additional factors are 
applied to the results. 

When time history analysis is used, American Society of Civil Engineers (ASCE) 43-05 
defines the “best estimate” as the mean value of sliding obtained from multiple time history 
analyses.  The factor of safety of 3, recommended by ASCE 43-05 is applied to the mean 
value.  The level of rigor applied to the analysis process described above and the 
assessment and quantification of the conservatism associated with the input parameters are 
not anticipated by the requirements stipulated in ASCE 43-05.  Therefore the application of 
the FOS recommended in ASCE 43-05 is not applicable to the values of sliding displacement 
calculated as described above. 

The maximum expected values of sliding calculated in Technical Report MUAP-12002, Rev. 
1 will be used in the design of all aspects related to interaction between adjacent structures 
and components (structural gaps, structural connections such as buried tunnels and other 
umbilicals, and buried commodities).  In the application of the computed displacements to 
the design of these structures and components, no additional factors of safety will be applied. 

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. 

Impact on Technical/Topical Report 

There is no impact on the Technical/Topical Report. 
 

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


