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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

10/11/2013 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:       NO. 1045-7141 REVISION 3 

SRP SECTION:       03.08.05 – FOUNDATIONS 

APPLICATION SECTION:        3.8.5 

DATE OF RAI ISSUE:        07/01/2013 

QUESTION NO. 03.08.05-55: 

On April 3, 2013, the applicant submitted a markup of DCD Tier 2 Section 3.8 to provide updated 
information related to a seismic design change. 

In Subsection 3.8.5.4.3, “Boundary Condition of Basemat,” the first paragraph (Page 3.8-100) states 
“The backfill and side soil are modeled from elevation 2’-7” to elevation -42’-8”. Backfill soil ranges 
from approximately 11’ to 14’ in width while the side soil extends from the edge of the backfill soil to 
the extremities of the subgrade soil.”  

The applicant is requested to define “the extremities of the subgrade soil” as stated above. The 
bottom of the reactor building (R/B) complex basemat is at elevation -39’-8”, per Figure 3.8.5-2, 
“Cross Section of a North-South Orientation.” The applicant is requested to provide a technical 
rationale for only including 3 feet of the soil beneath the basemat (from EL -39’-8” to EL -42’-8”), 
while including side soil to the extremities. 
 

ANSWER: 

The extent of the soil beneath the basemat and sides included in the model is greater than that 
described in Subsection 3.8.5.4.3 of the Design Control Document (DCD).  A graphical 
representation of the elements is provided Figure 1 of this response. We define “extremities” to 
mean the farthest edges of the soil elements in the finite element (FE) model as illustrated in Figure 
1.   

The depth of soil is not three feet as implied by the DCD but extends 949ft6in as discussed below. 
The depth and horizontal extent of the subgrade models were chosen to capture all numerical 
results of interest which include primarily axial force, out-of-plane bending moment, out-of-plane 
shear force, and deformations of the basemat.  The following were considered in the modeling of 
the subgrade super-elements. 

The depth of the subgrade models was extended to approximately 949ft-6in. beneath the concrete 
basemat foundation.  This depth of subgrade was provided such that the increase in vertical stress 
at depth, Δq, due to the uniform pressure on the mat, was less than 10 percent of vertical stress, q, 
to reduce boundary effects due to the constraints at the base.  Based on theory of elasticity 
equations, this condition of stress below the loaded rectangular area is achieved at a depth of 
approximately two and one-half times the width of the basemat.   



 

 

3.8.1-2 

The outside dimensions of the subgrade model are approximately 1750 ft-8in. in the east-west 
direction, and1793ft-9in. in the north-south direction.  The lateral extension of the subgrade models 
was selected such that the proximity of the lateral boundaries of the soil super-element induces a 
negligible influence on the vertical displacements of the basemat.   

 
Subsection 3.8.5.4.3 will be revised to reflect that lateral/vertical extent of the subgrade 
considered in the model.   
 
 
 
 
 

 

Figure 1:  Isometric View and Dimensions of Soil Subgrade Super-Element 



 

 

3.8.1-3 

Impact on DCD 

Subsection 3.8.5.4.3 of the DCD will be revised as indicated in Attachment 1 of this RAI. 

Impact on R-COLA 

There is no impact on the R-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. 
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The upper portion of tendon gallery is conservatively modeled using a concrete strength 
of 5,000 psi to simplify design while providing for the potential in variation of construction 
joints.

The R/B complex basemat is simulated with solid elements (ANSYS SOLID45 elements) 
that are defined by eight nodes having three degrees of freedom at each node; 
translations in the nodal x, y, and z directions. The R/B complex basemat is divided into 
six layers in the vertical dimension for areas away from the PCCV. The area below the 
PCCV is divided into 12 layers in the vertical direction. The portion modeled to simulate 
the reactor cavity is divided into ten layers in the vertical direction.

The R/B complex basemat is modeled with element divisions in the horizontal direction in 
a rectangular grid pattern, in areas away from the PCCV. The element divisions in the 
horizontal direction within the PCCV boundaries, mainly between the primary shield wall 
and the secondary shield wall, are mostly in a rectangular grid pattern. The element 
divisions between the secondary shield wall and the PCCV exterior wall are generally in a 
polar grid pattern as shown in Figure 3.8.5-5.  

3.8.5.4.3 Boundary Conditions of Basemat

The basemat subgrade is included in the FE models used for structural design by 
meshing a sufficiently large volume of soil/rock below and around the basemat. For 
seismic load cases, the stiffness of the backfill soil is only activated along the face of the 
R/B complex basemat in the opposite direction of the applied earthquake load. The 
activation of soil stiffness allows the backfill soil to contribute compression to the exterior 
walls of the R/B complex basemat during the earthquake load condition. Dynamic lateral 
soil pressure at applicable locations was superimposed on seismic loads to account for 
soil–to–structure interactions. For basemat analysis, the equivalent static seismic 
accelerations are linearly reduced such that for each soil profile, the maximum shear 
produced by an earthquake in a given direction is 10% greater than the corresponding 
maximum shear values produced in the SSI analysis. The backfill and side soil are 
modeled from elevation 2’-7” to elevation -42’-8”. Backfill soil ranges from approximately 
11’ to 14’ in width while the side soil extends from the edge of the backfill soil to the 
extremities of the subgrade soil. The backfill properties used for the standard design are 
discussed in Subsection 3.7.2.4.1. To increase computational efficiency for the non-linear 
analyses, the soil subgrade portion of the FE model is condensed into a super element. 
For all linear analyses, soil layers are modeled explicitly. The properties of the subgrade 
layers used in the FE model of the subgrade are established based on several profiles 
selected from the generic layered soil profiles described in Technical Report MUAP-
10006 (Reference 3.8-85) to cover a large range of soil/rock conditions at representative 
nuclear power plant sites within the central and eastern US. 

3.8.5.4.4 Analyses of Settlement

Maximum values of total settlement, differential settlement, and tilt are calculated for 
design of the standard plant structures. These quantities are calculated at the end of 
construction and at the end of plant operating life. All settlement and tilt values calculated 
for the standard plant are less than the maximum allowable values presented in Table 
2.0-1 of DCD Chapter 2.
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