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US-APWRRAIsPEm Resource

From: Buckberg, Perry
Sent: Friday, February 07, 2014 3:25 PM
To: 'us-apwr-rai@mhi.co.jp'; US-APWRRAIsPEm Resource
Cc: Lee, Samuel; Galvin, Dennis; Shams, Mohamed; Thomas, Vaughn; Kallan, Paul
Subject: US-APWR Design Certification Application RAI 1080-7362 (03.08.05 - Foundations)
Attachments: US-APWR DC RAI 1080 SEB1 7362.pdf

MHI, 
 
The attachment contains a ‘Foundations’ related request for additional information (RAI).  This RAI was sent to you in 
draft form on December 24, 2013 resulting in no need for clarification.  Your licensing review schedule assumes 
technically correct and complete responses when the response is issued.   
 
Please submit your RAI response to the NRC Document Control Desk. 
 
Thanks, 

Perry Buckberg 
Senior Project Manager 

phone: (301)415-1383 
fax:      (301)415-6406  
perry.buckberg@nrc.gov 

U.S. Nuclear Regulatory Commission 
Office of New Reactors 
Mail Stop   T-06C20M 
Washington, DC, 20555-0001 
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Issue Date: 2/7/2014
 

Application Title: US-APWR Design Certification - Docket Number 52-021
 

Operating Company: Mitsubishi Heavy Industries
 

Docket No. 52-021

03.08.05 - Foundations
QUESTIONS:
03.08.05-72
 

In Subsection 3.8.5.4, “Design and Analysis Procedures,” the third paragraph (page 3.8-90) 
states, “Other Seismic Category I basemats of reinforced concrete are designed in accordance 
with ACI 349-06 (Reference 3.8-8) and the provisions of RG 1.142 (Reference 3.8-19) where 
applicable. Table 3.8.5-2 identifies the material properties of concrete.” 

The reinforced concrete basemat for the R/B complex is designed according to ASME Code 
Section III, Division 2. The staff is not aware of Other Seismic Category I basemats that are 
designed according with ACI 349-06 and RG 1.142. Also, DCD Tier 2, Table 3.8.5-2 indicates 
that for the basemat, 7,000 psi concrete is used at the upper part of the Tendon Gallery and 5,000 
psi concrete is used for the remaining portions of the Tendon Gallery. The modulus of elasticity of 
concrete is proportional to the square root of the compressive strength of concrete and the 
shrinkage and creep are functions of the modulus of elasticity; therefore, the concrete at the upper 
part of Tendon Gallery and the periphery will have different behaviors in shrinkage and in 
creep. The applicant did not provide information for the action taken to control possible concrete 
cracking at the interface of these two different concrete strengths. The applicant is requested to 
provide the following information:

1. Identify in the DCD the other Seismic Category I basemats that are designed in 
accordance with ACI 349-06 and RG 1.142, or correct the DCD to remove the 
inconsistency, and

2. Describe the actions taken to control the concrete cracking at the interface of the two 
different concrete strengths.

 
03.08.05-73
In Subsection 3.8.5.4.5, “Verification of Critical Sections,” the paragraph states (Page 3.8-95), 
“The basemat is designed to meet the acceptance criteria presented in Subsection 3.8.5.5. For 
the R/B complex basemat, Table 3.8.5-4 provides critical section thickness and reinforcement 
steel to concrete ratio used in the evaluation. Figures 3.8.5-11 and 3.8.5-12 show the basemat 
reinforcement arrangement of SECTION N-S and SECTION E-W, respectively. The basemat 
reinforcement arrangement in typical peripheral areas is detailed on Figure 3.8.5-13.”

During the November 2013 structural audit in Arlington, Virginia, the staff discussed with the 
applicant the reinforcement arrangement of the basemat. The applicant indicated that information 
presented in the preceding paragraph for the basemat reinforcement arrangement is only the 
minimum reinforcement requirement specified in ASME Code Section III, Division 2, Subsection 
CC (DCD Reference 3.8-2). 

10 CFR 52.47(28), “Contents of Application; Technical Information,” paragraph (c)(1) states, in 
part, that an application for certification of a nuclear power reactor design that is an evolutionary 
change from light-water reactor designs of plants that have been licensed and in commercial 
operation before April 18, 1989, must provide an essentially complete nuclear power plant 
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design; and paragraph (c)(2) states, in part, that an application for certification of a nuclear power 
reactor design that differs significantly from the light-water reactor designs described in paragraph 
(c)(1) or uses simplified, inherent, passive, or other innovative means to accomplish its safety 
functions must provide an essentially complete nuclear power reactor design except for site 
specific elements.

It is the staff understanding that the information presented in Table 3.8.5-4; and Figures 3.8.5-11
and 3.8.5-12 represents the actual design of the basemat. The applicant is requested to confirm 
that the information presented in Subsection 3.8.5.4.5, Table 3.8.5-4 and Figures 3.8.5-11 and 
3.8.5-12 of the DCD represents the actual design of the basemat. If not, the applicant is 
requested to update the applicable sections accordingly.

03.08.05-74
In Subsection 3.8.5.4.2.1, “Global Three-Dimensional FE Modeling of Basemat,” the third 
paragraph (Page 3.8-92) states, “The R/B complex basemat is simulated with 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 staff noticed that the shell elements were used to model the PCCV and the shear walls of the 
R/B complex. Since shell elements have six degrees of freedom at each node, it was not clear to 
the staff as to how the shell elements are connected to the solid elements at the interfaces of the 
PCCV and R/B with the basemat. In RAI 340-2004, Question 03.08.05-06, the staff requested 
the applicant to explain how shell elements are connected to the solid elements.

In the applicant response to RAI 340-2004, Question 03.08.05-06, dated July 3, 2009, the 
applicant stated that in order to keep continuity of stress and deformation, additional shell 
elements should be used in the shell-solid connections. The applicant presented a figure that 
showed the types and locations of elements used in the shell-solid connections. In reviewing the 
applicant response, the staff concluded that the applicant did not provide sufficient information. In 
a follow-up RAI, RAI 496-3735, Question 03.08.05-27, the staff requested the applicant to 
provide additional information as to how the degree-of-freedom of these elements (shell, brick, 
and rigid elements) are matched with each other and how the shell elements are connected to the 
brick elements in the figure presented by the applicant. In addition, the staff requested the 
applicant to provide technical information that verifies that the stresses and displacements are 
continuous through the shell to brick connections. 

In its response to RAI 496-3735, Question 03.08.05-27, dated February 4, 2010, the applicant 
stated that the rigid elements used in the model couple the motion of the nodes so that these 
nodes were connected in all six degrees of freedom. The applicant explained that in the figure 
provided in the response to RAI 340-2004 Question RAI 03.08.05-06, the shell elements 
modeling the walls of the building were extended into the layer of solid elements to transmit nodal 
rotations to the solid elements. The extended elements have identical stiffness as the wall and 
share the nodes with the corresponding face of the solid elements, but have no mass density 
assigned to them. This ensures that the stresses and displacements are continuous through the 
shell to brick connections. 

The staff found that the applicant did not provide sufficient technical information to verify that the 
stresses and displacements were continuous through the shell to solid elements in a proper 
manner. In a follow-up RAI, RAI 657-5135, Question 03.08.05-37, the applicant was 
requested to explain how the use of the rigid elements are equivalent to providing fixed boundary 
condition to the rotational degree of freedom of the shell element and how do shell elements 
transmit nodal rotations to the solid elements by extending into the layer of solid elements. 
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In the applicant response to RAI 657-5135, Question 03.08.05-37, dated December 28, 2010, 
the applicant stated that the response to RAI 496-3735, Question 03.08.05-27 referred to "rigid" 
elements that connect wall shell elements to the mat solid elements. These elements are not used 
in the updated analyses of the R/B structures including the PCCV. Shell elements that extend into 
the layer of solid elements of the basemat have been used to represent the bending stiffness of 
the wall. Wall to basemat coupling of the three translations and coupling of the out-of- plane 
rotation about a horizontal axis are necessary to reflect the fixed axial, shear, and moment 
boundary condition of walls connected to the mat. The applicant further stated that ANSYS 
SOLID65 elements are used to represent the mat; ANSYS SHELL181 elements are used to 
represent the walls above the solid elements of the mat; and ANSYS SHELL 63 elements having 
no mass or weight are used to represent only the bending stiffness of the elements that extend 
the wall into the first layer of solid elements of the mat. The rotational degrees of freedom at the 
top of the SHEL63 are connected to the bottom of the SHELL181. The fixed boundary condition 
for the rotational degree of freedom is applied to the bottom of the SHELL63. 

In reviewing the applicant’s response to RAI 657-5135, Question 03.08.05-37, the staff found that 
ANSYS SOLID65 elements had been use for the mat while Subsection 3.8.5.4.2.1of the DCD 
states that ANSYS SOLID45 elements had been used for the mat - an apparent discrepancy. The 
staff questions whether extending the wall only into the first layer of solid elements of the mat is 
an appropriate modeling for transferring the bending moment and forces from the wall to the 
mat. The staff noticed that the applicant’s approach is different from the multipoint constraint 
(MPC) approach for shell-solid connections described in the ANSYS Contact Technology Guide; 
therefore, the accuracy of the applicant’s approach may be a concern.

The applicant is requested to (1) clarify the ANSYS SOLID element used for the mat, (2) address 
the appropriateness of modeling technique for properly transferring bending moment and forces 
from the wall into the mat, and (3) provide numerical data to verify the accuracy of the applicant’s 
approach in comparison with the MPC approach recommended in the ANSYS technical manual.

03.08.05-75
In Subsection 3.8.5.4.4, “Analyses of Settlement,” the third paragraph (Page 3.8-93) states, 
“Subgrade settlements consist of immediate settlements that occur at load application and are 
elastic-plastic, and time-dependent settlements that develop in time under constant load (viscous 
deformations, primary consolidation settlements).”

In RAI 1045-7141, Question 03.08.05-60, Part 3, the applicant was requested to provide 
information on the settlement calculation due to secondary consolidation. In the applicant 
response to RAI 1045-7141, Question 03.08.05-60, Part 3, dated September 6, 2013, the 
applicant stated that secondary consolidation was not considered in the standard plant because 
the time for completion of primary consolidation was considered equal to the plant life. The staff 
believes that this is an important assumption and should be stated in DCD Tier 2 for COL 
applicant to verify.

The applicant is requested to provide a statement in Subsection 3.8.5.4.4 to indicate that the 
settlement calculation assumes that the time for completion of primary consolidation is considered 
equal to the plant life which is 60 years, and the settlement due to the secondary consolidation is 
not considered in the standard plant.
 


