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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-36: 

The Abstract and other sections of MHI Technical Report MUAP-11013-P (R1) indicate that the 
purpose of this TR is to present the overall methodology for executing the analysis and design of 
the Containment Internal Structure (CIS), and subsequently demonstrating the adequacy and 
safety of the design. The Abstract, Section 4.1, and other sections, also indicate that “ACI 349 
(Reference 1) will be used as the basis for design of SC structures. For SC-specific design issues 
that are not addressed by the ACI 349 code, or where the ACI 349 based approach is not 
applicable, the code requirements will be supplemented using conservative engineering 
approaches, available test data, and research results.” The applicant is requested to address the 
following items regarding this overall methodology: 

1. For those design aspects where the applicant believes the ACI 349 Code is applicable to the 
design of SC structures, adequate technical justification should also be provided. In particular, the 
applicant is requested to specifically identify (a) what equations and provisions of the ACI 349 
Code, Chapters 8 through 21, as well as the Appendices, will be utilized, (b) the technical bases 
for their application to SC modules, and (c) where the use of these various equations and 
provisions from the ACI Code are described in the TRs. The technical bases should include test 
data to support the use of these methods unless there is sufficient alternative justification not to 
do so. 

2. For those design aspects in ACI 349 Code that have been determined to be not applicable to 
SC structures, identify (a) the equations/provisions in Chapters 8 through 21, as well as the 
Appendices, that are not applicable, (b) what alternative methods are being used, (c) the 
technical bases for the application of these alternative methods to SC modules, and (d) where 
these equations and provisions are described in the TRs. While some of this information is 
provided in MHI TR MUAP-11013-P (R1), it is presented as an overall plan (i.e., not in detail) and 
does not provide all of the items requested above. As one example, how are the effects of the two 
out-of-plane bending moments and the in-plane membrane forces in the faceplate addressed 
simultaneously, which is not required when using reinforced concrete sections having separate 
rebars in the two perpendicular directions. 
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3. For those design aspects that are unique to SC structures and are not covered by Items 1 and 
2 above (examples of which are identified in Section 1.5 of the MHI TR MUAP-11013-P (R1)), 
provide the same information requested in Item 2 (b) through 2 (d) above.  

4. For construction related aspects of SC structures, describe the criteria and approach that will 
be implemented. This description should identify the extent of compliance to ACI 349 (Chapters 1 
through 7) for SC structures and identify additional requirements to address unique configuration, 
fabrication, testing, and design of the SC members. Additional topics, beyond those in Chapters 1 
through 7 of the ACI 349 Code, should include (but not limited to) the adequacy of construction 
joints, rate of concrete pour (including consideration of additional stresses in design), assuring no 
voids in the concrete and at the interface between concrete and faceplate, adequacy of 
construction inspection without access due to faceplates, and mockup testing to demonstrate 
adequacy of construction. 

 

ANSWER: 

As identified by the reviewers, TR MUAP-11013 is an overall plan.  Technical Report (TR) MUAP-
11019 (which supports TR MUAP-11013) presents the SC Wall Design Criteria for the US-APWR 
CIS.  This report includes design criteria for in-plane forces, out-of-plane forces and moments, the 
interaction of in-plane and out-of-plane forces, and the scope and description of confirmatory 
testing intended to demonstrate the conservatism of these criteria, where needed.  In general, 
this technical report and the test documentation it references provide all of the SC design-related 
information requested in this RAI. 

1. TR MUAP-11019 illustrates the portions of ACI 349-06 that are applicable to SC design.  
Specifically, the report (a) identifies the equations in the ACI 349 code and appendices that are 
being used, (b) presents the technical bases for the use of the specified ACI code equations for 
SC walls, (c) and describes how the equations from the ACI code and provisions are to be utilized 
in the design of SC walls. The technical basis includes test data to support the test methods. 
Please refer to chapters 3 through 7 of TR MUAP-11019 for complete details.  The following 
outlines the contents of these chapters: 

 Chapter 3: Axial Tension Strength 

 Chapter 4: Axial Compression Strength 

 Chapter 5: Out-of-plane Flexural Strength 

 Chapter 6: Out-of-plane Shear Strength 

 Chapter 7: In-plane Shear Strength 

These chapters identify the design provisions and equations from ACI 349-06 chapters 10, 11, 
and 21 that are to be used for design of the SC walls in the CIS.  In addition, the chapters discuss 
the available test data that justify the use of these design provisions. 

2.  Three general areas of ACI 349 chapters 8 through 21 are modified for applicability to SC 
design; including out-of-plane shear strength, in-plane shear strength, and compression 
reinforcement strength.  In the cases of out-of-plane and in-plane shear strength, slightly more 
conservative forms of the ACI design equations are used, and compared with experimental 
results for SC beams and walls.  Chapters 6 and 7 of TR MUAP-11019 identify the manner in 
which the ACI equations are modified to make them slightly more conservative.  Chapter 6 
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indicates that for out-of-plane shear strength, the contribution of the concrete is reduced from 
2√f’c to 1.5√f’c to account for effects of size that have been observed in reinforced concrete 
beams without shear reinforcement, and in SC beams.  Similarly, in Chapter 7, the concrete 
contribution to the in-plane shear strength is completely ignored for added conservatism. The test 
results indicate the in-plane shear strength can be estimated more conservatively as that of the 
steel plates only (i.e. AsFy). For example, Figure 1 shows two comparison graphs. Figure 1(a), 
was included in Chapter 7 of TR MUAP-11019, where the concrete contribution to the in-plane 
shear strength is completely neglected. Figure 1(b) shows that if the concrete contribution is 
included, the in-plane shear strength is still predicted reasonably by the experimental results. 
Figure 1(a) is assumed for design, which is more conservative.  

 

Figure 1. Comparison of in-plane shear strength of SC wall panel with ACI 349-06 equation: (a) 
without concrete contribution, and (b) with concrete contribution.  

The modification of ACI 349 considerations for the strength contribution of compression 
reinforcement are reflected in the design for combined forces, including all in-plane and out-of-
plane moments and forces, given in Chapter 8 of TR MUAP-11019.  Equations for combined 
force design are identified for two separate conditions: (a) axial tension plus shear and flexure, 
and (b) axial compression plus shear and flexure.  The Chapter 8 equations for these conditions 
sum the area of reinforcement requirements for axial force, in-plane shear, and flexure, while 
conservatively neglecting the compressive strength of the steel plates. 

3. Chapter 2 of TR MUAP-11019 identifies several aspects of SC behavior that are not covered 
by the ACI 349-06 code.  These include local buckling of the steel plates, development length of 
the steel plates, interfacial shear failure, and section delamination (splitting) failure.  Design 
provisions for addressing each of these SC-specific behaviors are outlined in Sections 2.1 
through 2.4 of the TR, along with experimental justification for the stated approach. 

4. The methodology for placing concrete within the prefabricated steel modules, concrete mix, 
placement, and inspection are based on standard construction practices described in ACI-304R, 
“Guide for Measuring, Mixing, Transporting, and Placing Concrete” and ACI 349-06.  The detailed 
procedure will be described in the detailed design phase.  The SC module construction procedure 
has also been described in the answer to DCD RAI 676-5209 Question 03.08.03-33.  The answer 
to question 03.08.03-33 describes the use of vibration, diaphragms and vent holes for ensuring 
concrete placement and filling voids. The answer to DCD RAI 491-3733 Question 03.08.03-23 
describes the inspection of welded joints.   

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 Report: 

There is no impact on the Technical Report. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-37: 

The statements in the Abstract, Section 4.1, and other sections, of MHI TR MUAP-11013-P (R1), 
indicate that “the code requirements will be supplemented using conservative engineering 
approaches, available test data, and research results.” The phrase “available test data” should be 
clarified. Because of the limited experience with the use of SC type structures in general and 
even more limited experience in its use in nuclear power plants, technical justification for the SC 
design methods is expected to include test data for the various aspects of design. Where existing 
test data may not be available or the data exist but the test configuration and/or loading is not 
adequate, additional testing may be needed, and justification of the approach should not 
necessarily be limited to only available test data. 

 

ANSWER: 

The term “available” test data is meant to include the tests that have been done in the past and 
are available in the public domain, as well as the confirmatory tests that are proposed as part of 
this project. Since all of the test data will be “available” by the end of the project, that is the term 
used here.  

As explained in TR MUAP-11019, “Executive Summary” and Appendix 3 (Confirmatory Test 
Matrix), all of the test data needed to demonstrate or confirm the conservatism of the design 
criteria will be available by the end of the project. 

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 
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There is no impact on the S-COLA. 

Impact on PRA 

There is no impact on the PRA.  
 
Impact on Technical Report: 

There is no impact on the Technical Report. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-38: 

Section 1.0 of MHI TR MUAP-11013-P (R1) indicates that some of the SC type CIS consist of 
very thick sections, approximately 10 to 15 feet thick. Explain what provisions in the design, mix, 
and construction are utilized to minimize the potential issues associated with the use of mass 
concrete such as cracking due to high heat generation. Identify the issues associated with mass 
concrete and how they will be addressed for the SC design/construction. 

 

ANSWER:  

The high internal heat generation of the mass concrete during curing is caused by the build-up of 
reaction heat. The temperature difference between the concrete’s surface and internal 
temperature or the shrinkage deformation caused by the concrete cooling may cause internal 
stress that can lead to cracking. The following methods were adopted to address this 
phenomenon: 

1.) Design: The SC structural wall is designed to withstand the heat loads from the internal CV 
temperature, which surpass the heat generation from concrete casting, thus demonstrating the 
structural integrity of the SC structure with conditions more severe than those present during 
concrete casting (documented in RAI 322-1999 Rev.0). Therefore, cracking from heat generation 
at the time of concrete casting were not directly evaluated in the design phase. 

2.) Improvements to Concrete Mixture: To minimize the heat generation within the concrete, a low 
reaction-heat, slow-reacting cement will be used. Also, the cement content of the concrete will be 
decreased, with long-term aging periods for higher composition strength, and decrease the water 
contents by combining additive agents and promoting low-slump mixtures. 

3.) Concrete Casting: The temperature increase of the concrete will be minimized by pre-cooling 
to lower the concrete temperature during placement and replacing some of the mixing water with 
ice flakes. Furthermore, the concrete will be placed in small increments to gradually increase the 
amount of concrete within the SC module. 
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Additionally, insulation material and sheets will be strategically placed to promote insulated curing 
of the concrete to minimize the difference between surface and inner temperature of the concrete, 
and promote gradual cooling of the concrete’s inner temperature after it reaches its peak 
temperature. 

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 Report: 

There is no impact on the Technical Report. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-39: 

Section 1.0 and other sections of MHI TR MUAP-11013-P (R1) refer to various tests of SC type 
members. The applicant is requested to specifically identify where a description for each of these 
tests is provided and how these tests address analytical modeling and design aspects of the SC 
members. The tests and description should demonstrate analytical modeling parameters such as 
stiffness (load vs. deformation), strength values, failure modes, ductility, hysteresis behavior 
under cyclic loads, damping, thermal effects, and demonstrate the adequacy of any design 
equations used for the SC structures. The analytical parameters should be compared to 
reinforced concrete members and shown to be equal to or better than reinforced concrete 
members. The tests should also cover the various types of SC members, connections between 
SC members (including corner connections and connections of different SC types) and 
connections to reinforced concrete sections. The tests should address SC members loaded to 
individual loads and combined loads (e.g., membrane plus bending loads, shear plus membrane 
loads). While MHI TR MUAP-11005-P (R0) provides some test information, it does not appear to 
provide all of the information requested above. 

Also, it appears that some corrections to various sections of the TR should be implemented. 
Section 1.0, second paragraph, refers to the 1/10th and 1/6th scale tests shown in Figures 1-1 and 
1-2, which do not exist. If the intent was to refer to Figures 5-1 and 5-2, then this should be 
corrected. Section 2.0 should be revised since it indicates that Figures 2-1 through 2-7 have been 
developed from the drawings provided in References 4 and 5; however, Reference 4 is identified 
as NRC Regulatory Guide 1.61. Also, Section number 5.3.1 should be revised to section number 
5.4, since the title of this subsection is "Task 3 Results" while Section 5.3 is only part of the Task 
3. 

 

ANSWER: 

The relevant test results are discussed and included in TR MUAP-11018 and TR MUAP-11019 
along with the analysis and design criteria associated with them.  Additionally, the response to 
RAI 03.08.03-45 summarizes the key geometric and loading parameters for each test as well as 
the analysis and/or design aspects each test addresses. 
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Within TR MUAP-11018, refer to Section 4.1 for discussion of SC-related tests that provide 
justification for the specific stiffness and damping values used in the analysis of the US-APWR 
CIS.  More specifically, the tests performed by Ozaki demonstrated SC-specific values for the in-
plane shear cracking threshold, and illustrated that the threshold is reduced relative to that of 
standard reinforced concrete structures.  The Ozaki tests are also referenced as the basis for the 
cracked in-plane shear stiffness of the Category 1 SC shear walls to be used when applied loads 
exceed the cracking threshold.  Tests performed by Booth et al. and Varma et al. are referenced 
in Appendix E of TR MUAP-11018 as the basis for estimating the out-of-plane flexural stiffness of 
the Category 1 SC walls using the cracked transformed composite section properties.  Lastly, the 
1/10th scale test of a previous-generation CIS using SC walls is referenced in Section 4.1.7 as the 
basis for the equivalent viscous damping ratio used in the dynamic analysis of cracked SC walls. 

TR MUAP-11019 refers to a number of experiments on SC structures that provide basis for using 
the ACI 349-06 design strength equations for design of the Category 1 and 2 SC walls.  Section 
2.2 refers to Japanese compression member tests that demonstrate the stud spacing-to-plate 
thickness ratio necessary to prevent local buckling.  These tests also demonstrated that the ACI 
349-06 equation for maximum compressive strength provides a reasonable estimate of the 
maximum compressive strength of SC sections.  Section 3.2 of TR MUAP-11019 presents 
justification for neglecting concrete tensile strength in accordance with ACI 349-06 by referencing 
the reduced cracking threshold of SC members identified in the aforementioned tests by Ozaki.  
Section 5.4 refers to Japanese tests that demonstrated the applicability of the ACI 349-06 flexural 
strength provisions to SC structures.  Section 6.3 refers to out-of-plane shear tests by both 
Takeuchi and Varma as the basis for using conservatively lower values of concrete out-of-plane 
shear strength in SC walls relative to the reinforced concrete provisions in ACI 349-06.  Both the 
Ozaki tests and the in-plane shear tests performed by Sasaki are referenced in Section 7.2 as the 
basis for conservatively neglecting the concrete contribution to in-plane shear strength in the ACI 
349-06 in-plane shear strength equation.  Finally, Appendix 4 references the positive results of 
the 1/6th scale test on the primary shield structure (Category 3) as evidence of the conservatism 
in limiting the in-plane shear strength of this structure to 10Acvf’c

0.5. 

The full-strength and overstrength design criteria for connections have been carefully generated 
using available codes (e.g., ACI 349-06 Appendix D) that address standard connector types 
typical of those used in the SC connections.  As discussed in MUAP-11020 Appendix B, 
confirmatory testing of the SC basemat anchorage connection will be performed to validate the 
use of these equations.  At present, no other connection testing is planned for the US-APWR SC 
walls.  Nevertheless, MHI maintains that the results of the currently planned tests will serve to 
confirm the design strength of the connectors used in other SC connections, and will confirm the 
conservatism of the ACI 349-06 equations applied to connection design. 

The editorial corrections identified in this RAI for TR MUAP-11013 have been made.  The mark-
ups of revision 1 are provided as Attachment 1 under this submittal. 

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. 
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Impact on PRA 

There is no impact on the PRA. 
 
Impact on Technical Report: 

See Attachment 1 for the mark-ups of revision 1 of TR MUAP-11013. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-40: 

Section 1.0, third paragraph, of MHI TR MUAP-11013-P (R1) refers to industry design guidelines 
for SC walls in Japan and Korea. The applicant is requested to describe these guidelines and if 
there are English versions of these guidelines, provide these documents as background material 
for information. This section of the TR also refers to design specifications for SC walls being 
developed in the US. If drafts of these documents are available, the applicant is also requested to 
provide these for background information as well. 

 

ANSWER: 

The SC wall design guidelines from Japan and Korea are submitted as attachments 2 and 3, 
respectively, to this transmittal.  The Japanese guideline (JEAG 4618) is largely based upon the 
same test results considered for this project, as documented in TR MUAP-11005.  However this 
guideline differs from ACI 349-06 in that it invokes allowable stress design rather than ultimate 
strength design.  Nevertheless the basic, experimentally observed values given for stiffness and 
strength are similar to those proposed in the US code (AISC/ANSI N690 Appendix N9).  The 
current draft of the US code is provided as attachment 4 to this transmittal.  The Korean SC 
specification was prepared by the Korean Society of Steel Construction, and is based upon 
additional research on SC composite structures that has been conducted in Korea.  This 
specification is also currently in draft form. 

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 
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There is no impact on the S-COLA. 

Impact on PRA 

There is no impact on the PRA. 
 
Impact on Technical Report: 

There is no impact on the Technical Report. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-41: 

Section 1.0, fifth paragraph, of MHI TR MUAP-11013-P (R1) states that "In some aspects of 
structural behavior such as axial tension, compression, flexure, and out-of-plane shear, the 
behavior of SC walls is similar to that of RC walls." Provide the technical basis for this conclusion 
which should include test data on SC specimens for the individual loads as well as combined 
loadings. 

 

ANSWER: 

The technical basis for describing tension, compression, flexural, and out-of-plane shear behavior 
of SC walls as similar to that of reinforced concrete walls is included in Chapters 3, 4, 5, and 6, 
respectively of TR MUAP-11019.  As described in the response to RAI question 03.08.03-39, TR 
MUAP-11019 refers to experimental data on SC specimens subjected to compressive, flexural, 
and out-of-plane shear loading to provide the basis for using the ACI 349-06 design strength 
equations for each of these loading types.  None of the referenced tests involved combined 
loadings, except for some of the in-plane shear tests described in Chapter 7 that involved 
combinations of in-plane shear and slight axial compression.  The effect of the applied 
compression on in-plane shear capacity was shown to be minimal.  Chapter 8 of the report states 
that the required area of steel reinforcement is to be conservatively taken as the sum of the 
individual requirements for tension, flexure, and in-plane shear loads.  In addition, the 
compressive contribution of the steel is conservatively excluded. 

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 
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There is no impact on the S-COLA. 

Impact on PRA 

There is no impact on the PRA. 
 
Impact on Technical Report: 

There is no impact on the Technical Report. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-42: 

Sections 1.0, 1.5, and other sections, of MHI TR MUAP-11013-P (R1), state that "For other 
aspects like ..., or thermal effects, the behavior of SC walls can be different from that of RC 
walls." Describe the unique aspects of the SC members that are different than reinforced 
concrete walls when subjected to thermal loads. Explain how the thermal effects are considered 
in the analysis and design of the SC structures. This should include the effects of thermal 
cracking in the concrete; relative thermal expansion between the concrete and studs; relative 
thermal expansion between the concrete/studs and the faceplates; and thermal expansion at 
discontinuities (e.g., connections to reinforced concrete, connections between different SC types), 
and localized thermal effects such as proximity to hot piping/penetrations and pipe break. Also, 
describe how the different rate of thermal expansion between the concrete and steel are 
considered in the analysis and design of the SC structures. While MHI TR MUAP-11018-P (R0) 
provides some information about the thermal effects on concrete cracking, it does not appear to 
provide all of the information requested above. 

 

ANSWER: 

The effects of thermal cracking are included in the analysis of the CIS, as described in detail in 
Section 6 of TR MUAP-11018. In addition, the experimental data that justifies the in-plane shear 
stiffness reduction considered in the thermal analysis is described in Appendix D of the report. 

The effects of thermally induced cracking on design strength of SC walls are discussed in TR 
MUAP-11019 Chapter 9 along with references to experimental data and behavior.  

As explained in these technical reports, thermally induced deformations (relative thermal 
expansion between different parts, i.e., the steel and concrete layers of the SC section) cause 
concrete cracking and reduces the structural stiffness for seismic analysis, but do not reduce the 
design strength of SC walls.   
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The proposed confirmatory testing includes two additional tests to demonstrate: (i) the effects of 
thermal loading on concrete cracking, (ii) that thermally induced cracking does not reduce the 
flexural or out-of-plane shear strength of SC structures.  

Localized thermal effects associated with hot piping penetrations are not addressed in the current 
technical reports, nor are the localized effects associated with direct contact with steam from a 
ruptured pipe.  These design aspects will be addressed during detailed design of the CIS.  The 
intent of the current analysis and design effort has been to perform an accurate analysis of the 
entire structure with appropriate stiffness reductions caused by thermally induced cracking, and to 
design the structure for the moments and forces induced by the accident temperatures postulated 
for the CIS compartments.  To meet this intent, the analysis does account for thermal effects at 
structural discontinuities (such as connections between SC members and SC/RC members, 
openings, etc.)  The effects of these discontinuities are included by modeling the connected 
members and openings in the ANSYS finite element analysis model, such that the analysis will 
automatically account for restraint of thermal expansion or concentration of thermal stress. 

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 Report: 

There is no impact on the Technical Report. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-43: 

Section 1.0 of MHI TR MUAP-11013-P (R1) states that "This report presents a comprehensive 
plan for the US-APWR CIS to (1) address the limitations of the small-scale (1/10th and 1/6 scale 
tests)..." Section 1.1 briefly summarizes the differences between the experimental 1/10th scale 
test and the actual US-APWR CIS. Based on this brief summary, it appears that some of the 
differences are not negligible (e.g., f’c = 2,500 psi for the concrete in the test versus 4,000 psi for 
the US-APWR, yield strength of the tie bars = 82 ksi in the test versus 50 ksi for the US-APWR). 
Also, Section 1.1 indicates that completion of the comprehensive plan presented in the report 
provides the framework for applying the results from the 1/10th scale testing to the US-APWR CIS 
in a conservative and rational manner. Explain how applying this plan provides a framework for 
applying the results from the 1/10th scale testing to the US-APWR CIS in a conservative manner 
when a number of the parameters are quite different. 

 

ANSWER: 

The manner in which the 1/10th scale test is to be used has been specifically planned to avoid the 
direct use of the test results for design.  This is not only because of the cited discrepancies 
between the test parameters and the actual US-APWR structure, but also because it is not 
possible to use the global behavior of the structure observed in the test to perform detailed design 
of the various SC walls in the structure for the individual forces and moments they experience.  
Rather, detailed design criteria have been established based on tests performed on SC wall 
specimens subjected to individual loads.  Conservatism is applied to design of the structure in 
these design criteria, as presented in TRs MUAP-11019 and MUAP-11020.  For example, TR 
MUAP-11019 Section 7.3 limits the in-plane shear strength of SC walls to 10(f’c)

0.5Acv per ACI 
349-06, even though the reinforced concrete shear wall failure mechanisms this limit is intended 
to prevent are not applicable to SC shear walls.  Similarly, design for out-of-plane flexure 
conservatively excludes the contribution of the steel faceplates in compression. 

The 1/10th scale test results are to be used separately from the design process, to confirm the 
strength and ductility of the US-APWR CIS.  This is to be achieved by preparing a benchmarked 
nonlinear analysis model of the tested CIS, and subsequently preparing a nonlinear analysis 
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model of the actual US-APWR CIS using the benchmarked analysis tools.  The benchmarked 
model of the actual CIS will utilize the actual structural dimensions and specified material 
properties. This model will be subjected to pushover analysis in order to demonstrate the 
significant lateral force resistance of this structure, which comes from the in-plane shear strength 
of the SC walls.  It is also anticipated that this analysis will demonstrate the inherent ductility of 
SC walls when subjected to beyond design basis loading.  The benchmarked nonlinear pushover 
analysis will be documented in internal calculations that will be available for NRC audit. 

In summary, the conservatism is in the design criteria and process. Ductility is achieved through 
design of connections for the full strength of the weakest connected part and ductile detailing of 
the potential yielding regions.  For the minimal cases utilizing overstrength connections, local 
ductility will still be achieved by ensuring that ductile failure mechanisms govern the connection 
strength.  A pushover analysis of the complete US-APWR CIS is conducted to further showcase 
the performance of the conservatively designed structure. The analysis will be conducted using a 
modeling approach benchmarked to the 1/10th scale test results. 

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 Report: 

There is no impact on the Technical Report. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-44: 

Section 1.2 of MHI TR MUAP-11013-P (R1) discusses the 1/6th scale test of the primary shield 
structure. Provide a description of the various configuration details and material properties to 
demonstrate that the 1/6th scale test is “identical” to the US-APWR CIS as stated in Section 1.2 of 
the TR. Explain why only a portion of the primary shield structure is subject to unidirectional cyclic 
lateral loading during the test. Also, provide the test summary report available for the 1/6th scale 
test. 

 

ANSWER: 

The results of the 1/6th scale test of the primary shield structure, the description of the various 
configuration details and material properties of the 1/6th scale test and a comparison to the US-
APWR CIS will be provided in the calculation report for the 1/6th scale test benchmarking. Also, 
clarification of the term “identical” will be provided.  The basis for considering only a portion of the 
primary shield structure will be included in the calculation report for the 1/6th scale test 
benchmarking analyses up to and beyond SSE.  This calculation report will be available for audit 
by the NRC when it is complete. The physical test summary report was included in TR MUAP-
11005.   

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. 
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Impact on PRA 

There is no impact on the PRA. 
 
Impact on Technical Report: 

There is no impact on the Technical Report. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-45: 

Section 1.3 of MHI TR MUAP-11013-P (R1) discusses the component tests of SC walls. The TR 
states that "There are some differences in the section details and fabrication details of the US-
APWR SC walls with respect to those in the experimental database. The comprehensive plan 
presented in this report evaluates these differences...." Also, Section 2.1 of MHI TR 11013-P (R1) 
indicates that most of the SC-type walls in the CIS have material and geometric parameters that 
are within the range evaluated in various SC tests. Because of the numerous tests, the 
differences in some of the section details referred to in Section 1.3 of the TR, and to aide in the 
evaluation of the many tests that are relied on for the US-APWR design, provide a table for the 
three SC type walls (Category 1, 2, and 3) which compares the material and geometric 
parameters used in the US-APWR CIS to the parameters of the test specimens. The parameters 
to be compared should include overall wall thicknesses, steel faceplate thicknesses, plate to 
concrete thickness ratios, shear stud sizes and spacings, tie bar sizes and spacings, material 
properties, anchorage configuration, welds, connections of SC wall sections to other SC wall 
sections if multiple SC sections are used in the tests, type of loading, purpose of the test and 
results/conclusions. For the type of loading, the information should identify whether it was 
pseudo-static pushover, pseudo-static cyclic, dynamic motion, single or multiple directional. For 
the multidirectional loading explain whether it included only individual loads (membrane, bending, 
or shear) or also multiple/combined loading (i.e., in-plane combined with out-of-plane forces). It 
would be helpful if these test data entries in the table are grouped based on the analysis or 
design aspect of interest (e.g., SC single panel tests for performance under membrane loadings, 
shear loadings, flexure loadings, combined loadings, multiple panel tests (e.g., 1/10th, 1/6, etc.), 
connection tests, etc.). 

From the comparisons made in the table described above, if any of the differences are significant 
or fall outside the range of the test parameters, then the test data should not be relied on for 
demonstrating the adequacy of the US-APWR SC structures.  

The tables should demonstrate that the US-APWR SC type members have been tested for all 
member forces (membrane, bending, and shear) and their combinations. The staff notes, for 
example, that the current SC wall component tests described in Section 5.3 do not include some 
combined loading tests such as flexural loading combined with membrane loading. Also, provide 
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the test summary reports available for the various component tests if they are not included in MHI 
TR MUAP-11005-P (R0). 

 

ANSWER: 

A table summarizing the design parameters of the various tests referenced in TRs MUAP-11005, 
MUAP-11013, MUAP-11018, MUAP-11019, and MUAP-11020 is included as Attachment 5 of this 
transmittal.  As discussed in the “Design Philosophy and Executive Summary” section of TR 
MUAP-11019, the SC walls in the US-APWR CIS fall within the wide range of design parameters 
considered in the experimental investigations.  The key parameters considered include steel 
reinforcement ratio (taken as total plate thickness divided by wall thickness, or 2tp/T), plate 
slenderness ratio (stud spacing divided by plate thickness, or s/tp), concrete compressive strength 
(f’c), and steel yield strength (fy).  For the US-APWR CIS, the steel reinforcement ratio varies from 
1.5 to 4.2%, plate slenderness ratio varies from 8 to 16, f’c is equal to 4000 psi (27.6 MPa), and fy 
of the plates is equal to 50 ksi (345 MPa). 

The experimental data in Attachment 5 has been grouped according to the analysis or design 
aspect of interest.  This grouping resulted in a series of separate tables presenting experimental 
data for tests on out-of-plane shear strength, in-plane shear strength with and without axial 
loading and considering either panel sections or flanged sections, axial compression, SC 
behavior under thermal loading, fire resistance, and full-structure tests subjected to lateral 
loading.  All of the requested geometric and material properties are then identified for each test 
specimen in each group.  The tables also identify the corresponding US-APWR SC wall category 
(i.e. 1, 2, or 3) for each test specimen, and which of the actual US-APWR SC wall cross sections 
most closely corresponds based on reinforcement ratio (2tp/T).  This parameter is the focus of the 
comparison because it is the most influential in terms of in-plane shear and out-of-plane flexural 
performance of SC walls.  It is essential that the tests evaluate walls with similar reinforcement 
ratios to those of the actual CIS walls in order to adequately confirm the conservatism of the ACI 
349-06 design provisions used for design.  As shown in Attachment 5, the experimental database 
achieves this purpose by covering a wide range of reinforcement ratios that is inclusive of the 
various US-APWR SC wall cross sections. 

With regard to stud spacing, which is critical to such design aspects as faceplate buckling, 
anchorage, and development, all of the US-APWR SC walls utilize stud spacing to plate thickness 
ratios less than or equal to 16.  Likewise, tie bar spacing (which governs out-of-plane shear 
strength) is less than or equal to wall thickness (T) divided by two in all US-APWR SC walls.  
Thus the detailing of the US-APWR designs is equal to or better than that used for the various SC 
specimens in the experimental database.  This leaves the steel reinforcement ratio as the key 
parameter of interest for correlating the test specimens to the US-APWR design. 

Please see the first page of Attachment 5 for further description of the contents provided in each 
of the included tables. 

For additional tabular comparisons of the geometric and material properties of the 1/10th scale 
test and the actual US-APWR CIS, please refer to technical report MUAP-11005, Sections 3.2.1 
through 3.2.3 on pages 15 through 25. 

Impact on DCD 

There is no impact on the DCD.  

Impact on R-COLA 
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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 Report: 

An appendix will be added to technical report MUAP-11005 that includes the experimental 
database provided in Attachment 5.  This appendix will also address the additional requests 
related to the experimental database provided in RAI 858-6270 and any future requests for 
additional information that have not yet been transmitted to MHI.  The complete appendix will be 
provided to the NRC upon resolution of all related RAI responses. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-46: 

Sections 1.8 and 4.1 of MHI technical report MUAP-11013-P (R1) state that one of the tasks will 
consist of “Design of all components for the force and moment demands using ACI 349 design 
strength equations supplemented with conservative engineering approaches that are correlated 
to available test data, research literature, and industry recognized design methods.” If no 
standards or codes exist in the US for SC structures, explain what is meant by industry 
recognized design methods.  

Section 1.8 and the various subsections of Sections 5.0 and 6.0, refer to the use of a nonlinear 
inelastic finite element (NIFE) modeling approach to correlate the measured and observed 
behavior from the SC testing performed (Task 3) and then to perform pushover analysis of an 
NIFE model of the actual US-APWR CIS (Task 4). It appears that these NIFE models will be used 
to evaluate the 1/10th scale, 1/6th scale, and SC wall component tests. Provide a summary of the 
different cases that will be analyzed; computer codes used; finite elements selected; modeling 
approach for the steel plates, concrete, studs, ties, and connections to other SC type members, 
as well as to the reinforced concrete structures; material properties including stress-strain curves, 
and the method of load applications. Provide a description of the verification used to demonstrate 
the adequacy of the concrete finite element and concrete parameters selected for this element, 
which represent the nonlinear behavior of concrete in the SC model. The above information 
should be provided for the NIFE benchmarking evaluation under Task 3 against test data and the 
overall structure performance confirmation for the US-APWR CIS structure under Task 4. Also, 
explain the differences between the models used in Task 3 and in Task 4. 

Also clarify the phrase of "benchmarked NIFE modeling approach." Explain whether the results 
show already that the NIFE modeling approach is acceptable by comparison to the test data, or 
adjustments in the NIFE modeling approach are needed in order to match the test results. If 
adjustments are needed explain why the modeling approach was inadequate and how the 
adjustments can be implemented with sufficient confidence that it would be valid for the actual 
US-APWR CIS model. 
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ANSWER: 

The industry recognized design methods referenced are the methods used for the design of 
reinforced concrete structures according to ACI 349-06. For example, the design methods in 
Section 8.0 of TR MUAP-11019 for combined forces and moments are based on industry 
recognized design methods (stress block diagrams etc.) for reinforced concrete design. 

The benchmarked NIFE modeling approach and the responses to these questions regarding the 
NIFE modeling approach will be included in the calculation report associated with the 
benchmarking analysis. This calculation report will be available for audit by the NRC when it is 
complete.  The phrase “benchmarked NIFE modeling approach” will be explained in the report. 
The range of benchmarking, and its limitations will also be identified in the report. 

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 Report: 

There is no impact on the Technical Report. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-47: 

Section 2.1 of MHI TR 11013-P (R1) states that "While a 1/6th scale test was also performed to 
evaluate the thick primary shield walls, further study is required to assess their stiffness and 
strength." Explain what is meant by this statement, how and when this further study will be done, 
and how this information will be used in the analysis and design of the CIS. In addition, explain 
whether shrinkage and creep effects are considered in the design of the primary shield structure 
and how the large wall thicknesses were determined, i.e., for shielding requirements or for 
structural strength. 

 

ANSWER: 

Further study of the experimental results from the 1/6th scale test results and its analysis is 
currently being conducted in order to determine the significance of the differences between the 
1/6th scale model and analysis and design of the US-APWR. The differences stem from the 
following factors: (a) the 1/6th scale test and analysis is a scaled down version the full scale 
structure, (b) the material properties of steel and concrete are slightly different than those of the 
US-APWR, (c) the boundary conditions applied to the 1/6th scale model are different than those of 
the actual structure, (d) the loading conditions are different than the design loading conditions of 
the US-APWR, and (e) the tested portion of the primary shield wall (PSW) is a subsection of the 
entire PSW structure. All of these items will be scrutinized in depth to determine what impact they 
have on the design and analysis of the PSW and the entire US-APWR structure. The results of 
this study along with the experimental and analytical results from the 1/6th scale test will be used 
to confirm the conservatism of the design methodology of the CIS and the accuracy of design 
effective stiffness values. Even though significant differences exist between the 1/6th scale test 
and analysis, key aspects of structural behavior such as ductility in critical regions will be 
demonstrated and described in the calculation report. 

The evaluation of the US-APWR PSW analysis and design methodology using the 1/6th scale test 
results will be included along with the Task 3 benchmarking analysis report for the 1/6th scale test 
(up to and beyond SSE loading).  The report will be made available for NRC audit once it is 
complete. 
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Shrinkage and creep effects have been considered in the design of the primary shield structure. 
The effects of creep are included in the axial compression design strength similar to reinforced 
concrete structures. The effects of shrinkage are included by eliminating the concrete contribution 
to the in-plane shear strength and the out-of-plane shear strength.  

The primary shield wall thickness is determined from shielding requirements. 

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 Report: 

There is no impact on the Technical Report. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-48: 

Section 2.2 of MHI TR MUAP-11013-P (R1) describes non-SC structures. For the Category 5 
structures, which are massive reinforced concrete sections, provide more descriptive information 
with figures showing the "thick reinforced concrete blocks," and explain how these blocks are 
anchored to the basemat of the reactor building complex and possibly to each other. 

For the Category 6 structures, which are steel structures with nonstructural concrete fill, (a) 
provide configuration details for the "steel shape grillages" mentioned in the TR, (b) explain how 
the Category 6 structures are modeled in the seismic SSI model and separate model(s) to 
develop member forces, and (c) describe how these structures will be designed. Even though 
some information is provided in the separate MHI TR MUAP-11018-P (R0), not all of the above 
requested information is presented in the other TR. Also, a technical basis for only including the 
steel stiffness properties of this Category 6 structure has not been provided. Even though the 
concrete is considered to be “nonstructural,” it may provide some stiffness to the members. 
Therefore, the potential range of stiffness for such members should be considered or an 
acceptable technical basis needs to be provided for totally neglecting the concrete. 

 

ANSWER: 

Figures 1 and 2 below (which are extracted from TR MUAP-11013) show the Category 5 massive 
reinforced concrete sections in elevation views cut at the north-south and east-west centerlines of 
the CIS, respectively.  The Category 5 sections are dark blue. 
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Figure 1: CIS elevation view cut at N-S centerline, looking west 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: CIS elevation view cut at E-W centerline, looking north 
 
 
These sections are anchored to the basemat with reinforcement dowels crossing the joint, and 
are anchored to the adjacent SC walls by shear studs that are welded to the SC wall faceplates. 
In addition, the Category 5 concrete reinforcement is anchored in the SC walls. This is 
conceptually shown in Figure 3 below.  It is noted that these conceptual details are preliminary at 
the present time; specific connection details have not been finalized to date. 
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Figure 3: Conceptual Sketch of Category 5 Concrete Anchorage 

 
 
TR MUAP-11018 describes how the Category 6 structures have been modeled in the seismic 
analysis.  Essentially, the analysis models include only the steel members, which provide the only 
means of load transfer in the actual structure.  As an example, this approach is illustrated for the 
pressurizer vessel bottom support.  The support structure is comprised of a grillage of steel wide-
flange shapes that are embedded in the adjacent pressurizer compartment walls, as shown in the 
plan and section views given in Figures 4 and 5 (excerpted from MHI drawing NO-EF-30016).  
The cavities formed between the steel wide-flange shapes are to be filled with unreinforced 
concrete for shielding purposes.  Figure 6 illustrates the manner in which this structure is 
modeled in ANSYS.  It is seen that the grillage of steel beams is modeled with linear beam 
elements, and the infill concrete is included only as lumped mass elements applied to the nodes 
of the beam elements. The stiffness of the concrete is not considered, recognizing that the design 
does not provide any means of composite action between the steel and concrete.  The concrete 
is not structurally attached to the steel in any way, such that there is no means of force transfer 
between the concrete and steel.  It is true that the concrete will prevent lateral buckling of the 
steel members, but it will not significantly alter the member stiffnesses. 
 
The design of the category 6 structures is performed according to the AISC N690 code for steel 
structures.   
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Figure 4: Plan view of steel shape grillage comprising pressurizer bottom support. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Sectional view through pressurizer bottom support (Section C-C cut in Figure 4). 
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Figure 6: ANSYS modeling of Category 6 Pressurizer Support 
 

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 Report: 

There is no impact on the Technical Report. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-49: 

Section 3.1 of MHI TR MUAP-11013-P (R1), which corresponds to Task 1-A Dynamic Soil-
Structure Interaction Analysis, states that “The effective stiffness and damping values for the finite 
element model of the CIS will be based on its stiffness before or after concrete cracking as 
applicable. For seismic plus operating thermal loading conditions, the concrete is expected to be 
mostly uncracked, and for the seismic plus accident thermal loading conditions, the concrete is 
expected to be cracked for the category 1 and 2 SC walls as well as the category 4 RC slabs.” If 
concrete cracking may occur for some of the loading cases, explain why all loading combinations 
are not evaluated for the range of concrete stiffnesses (i.e., uncracked and cracked conditions). 
One acceptable approach is to envelop the two sets of seismic responses for concrete stiffnesses 
(i.e., uncracked and cracked). Then this enveloped seismic loading can be included in the various 
load combinations. It appears that this enveloping approach is being utilized for developing the 
US-APWR in-structure response spectra (ISRS) but is not utilized for developing member forces 
for design.  

Also, when analyzing the cracked load combination(s), explain whether the stiffnesses are 
reduced for all analyses of the individual loads within the load combination being evaluated and 
not just for the seismic load. If not, provide the basis for not considering the cracked properties for 
all of the loads. 

Section 3.1 makes reference to MHI TR MUAP-11018-P (R0) for additional details regarding the 
effective stiffness and damping for these analyses. Therefore, any requests for additional 
information (RAIs) regarding the stiffness and damping of the SC structures will be provided 
separately as part of the review of MHI TR MUAP-11018-P (R0). 

 

ANSWER: 

As discussed in TR MUAP-11018, two stiffness conditions are considered for the CIS analyses, 
called Condition “A” and Condition “B”.  Condition “A” entails uncracked stiffness for all structure 
categories, except the flexural stiffness for the Category 1 SC walls, for which the cracked-
transformed section properties are used.  This exception is based on experimental results that 
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indicate the uncracked composite flexural stiffness is never manifest in SC walls.  Instead, the 
cracked composite flexural stiffness is observed immediately upon application of load, as a result 
of locked-in shrinkage stresses and the discrete nature of the bond between the steel faceplates 
and the concrete via the shear studs.  Condition “B” involves fully cracked stiffness terms for the 
SC walls, but also includes uncracked stiffness for structures that are not expected to crack under 
mechanical or accident thermal loading.  This includes the massive reinforced concrete infill 
structures at the base of the CIS (Category 5), and the nominally 10 ft. to 15 ft. thick primary 
shield walls (Category 3). 

Each individual load case applicable to the CIS is analyzed for both the “A” and “B” stiffness 
conditions.  This includes not only the safe-shutdown seismic load case (Ess), but also dead load 
(D), live load (L), fluid load (F), accident pressure (Pa), and operating thermal (To).  Then, each of 
the applicable design load combinations provided in ACI 349-06 and summarized in DCD Table 
3.8.4-3 are also considered using both the “A” and “B” stiffness conditions, using the 
corresponding individual load cases.  The only load case that is not considered with both stiffness 
terms is the accident thermal (Ta) case, since it is not possible for this load to occur without 
significant concrete cracking.  Thus the Ta case and the load combinations that include Ta are 
only considered with stiffness condition “B”. 

In summary, the envelope of analysis results obtained with the Condition ‘A’ and Condition ‘B’ 
models will be used not only to generate in-structure response spectra (ISRS) for the CIS but also 
to generate member forces for use in structural design. 

 

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 Report: 

There is no impact on the Technical Report. 
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US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-50: 

Section 3.2 of MHI TR MUAP-11013-P (R1), which corresponds to Task 1-B Seismic Analysis for 
Structural Design, indicates that the results from Task 1-A will be used in this task to perform 
equivalent static and/or dynamic response spectrum analysis (RSA) of the CIS to determine the 
member forces in the various components (walls and slabs) of the CIS for use in design. Provide 
a description of the two methods of analyses (equivalent static and RSA) which may be used for 
the CIS. This should include a description of the models, input loading, analysis procedures, 
assumptions, and discuss any alternative approaches from the guidance presented in SRP 3.7.2, 
3.8.3, and Regulatory Guides 1.61 and 1.92. For example, if an equivalent static analysis 
approach is used, explain whether the approach is consistent with the criteria presented in SRP 
Section 3.7.2.II.1.B – Equivalent Static Method, and if any differences exist discuss the basis for 
the alternative methods. 

 

ANSWER: 

The seismic analysis for obtaining forces and moments to be used to design the CIS walls and 
slabs will consist of response spectrum analysis (RSA).  RSA will be performed on both the 
Condition ‘A’ model and the Condition ‘B’ model.  The results will be used in the associated load 
combinations as explained in the response to RAI question 03.08.03-49.   
 
The RSA methodology used for the CIS design directly follows the guidance of Regulatory Guide 
1.92 revision 2.  More specifically, we are separating the in-phase and out-of-phase responses by 
the Lindley-Yow method, combining the out-of-phase modal responses by the CQC method, and 
performing the static ZPA method to obtain the in-phase response.   The complete solution for 
each direction is obtained using RG 1.92 combination method ‘B’.  The combined response due 
to the three earthquake spatial components is obtained by SRSS combination of the three 
components. 
 
Importantly, it is necessary to verify the RSA results adequately envelope those obtained by the 
SSI analysis, in order to ensure the magnitude of the lateral inertia forces encompass any 
additional effects due to rigid body torsion or rocking. This verification will be performed by 
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comparing the RSA-generated lateral shears and peak accelerations at various levels in the 
structure with those obtained from the SSI analysis.  In the event that the RSA results do not 
envelope those of the SSI analysis, the RSA results will be sufficiently factored in the design load 
combinations. 
 
In addition to the response spectrum analyses to be performed on the Condition ‘A’ and ‘B’ CIS 
models, an equivalent static analysis is to be performed on the primary shield structure to verify 
acceptable stress levels in the grid of steel plates that comprise this structure.  As explained in 
Appendix 4 of TR MUAP-11019, a secondary sub-model of the primary shield walls is to be 
prepared that consists of only the steel faceplates, centerline plates, and transverse plates (the 
concrete infill is to be excluded).  This structure will then be subjected to equivalent lateral 
seismic forces determined from the response spectrum analyses and verified to envelope those 
obtained from the SSI analysis.  The results of this analysis are intended to supplement the 
evaluation of the primary shield walls performed using the primary design procedures given in 
Appendix 4 of TR MUAP-11019, which conservatively apply the provisions of ACI 349-06 to 
calculate reinforcement requirements. 
 
The detailed procedures and results described above will be included in the calculation report 
associated with Task 1B, entitled “Basic Analysis and Design of CIS, CIS-13-05-230-004.”  

 

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 Report: 

There is no impact on the Technical Report. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-51: 

Section 4.1 of MHI TR MUAP-11013-P (R1), which corresponds to Task 2-A, Basis of Design 
Strength Equations and Interaction Equations, states that “Design strength equations will be 
established for: (i) in-plane force demands, (ii) out-of-plane force demands, (iii) out-of-plane 
moment demands, and (iv) combinations of in-plane force and out-of-plane moment demands.” 
Provide further explanation of these set of design strength equations. Explain whether they 
include: consideration of the combination of loadings such as (a) in-plane membrane forces 
(tension and compression) along with out-of-plane bending, (b) out-of-plane forces along with in-
plane membrane forces (tension and compression), (c) in-plane membrane forces (tension and 
compression) along with in-plane shear forces, and (d) wherever out-of-plane forces are used in 
the design strength equations, the twisting moments obtained from the finite element solutions 
are included along with the out-of-plane finite element moments. This question also affects the 
information described in Section 4.2, Task 2-B Design Adequacy Check and Section 4.3 Task 2-
C, Anchorage/Connection Design and Adequacy Check. 

 

ANSWER: 

Further explanation of the set of design strength equations is provided by TR MUAP-11019. 
Specifically, Chapter 8 of the report addresses the effects of combined forces and moments. 
Additionally, Chapter 6 addresses the effects of size and effects of combined axial forces and out-
of-plane shear. 

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 
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There is no impact on the S-COLA. 

Impact on PRA 

There is no impact on the PRA. 
 
Impact on Technical Report: 

There is no impact on the Technical Report. 
 



03.08.03-40                   Enclosure 3     

RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-52: 

Section 4.1 of MHI TR MUAP-11013-P (R1), which corresponds to Task 2-A Basis of Design 
Strength Equations and Interaction Equations, states that "If necessary, the conservatism of 
supplemental engineering approaches for the US-APWR project specific SC design may be 
subsequently confirmed through testing." Similarly, Section 4.1.1 of the report states that "Results 
of this task will also include the determination of any required confirmatory tests." There are other 
similar statements regarding the possible future tests in several places of the report. Explain 
whether the determinations of the what confirmatory tests are needed has been completed, 
describe these tests, and provide a schedule for the performance of the tests. 

In addition, Section 4.1 of MHI TR MUAP-11013-P (R1) indicates that Category 2 and 3 SC-type 
wall designs will be based on ACI-349 code recommendations implemented with conservative 
resistance Φ (phi) factors. Explain how these conservative resistance factors were determined 
and the technical bases for these values. 

 

ANSWER: 

The confirmatory testing has been identified in Appendix 3 of TR MUAP-11019 and also in 
Appendix B of TR MUAP-11020. The testing is also described in the confirmatory testing plan 
recently submitted to the NRC.  

The previous statement in TR MUAP-11013 regarding conservative phi factors has been revised 
in the mark-ups provided in Attachment 1.  Instead of using reduced phi factors, the design 
strength equations were formulated with additional conservative assumptions validated by the 
results of the tests referenced in TR MUAP-11019.  These assumptions include: 1) ignoring the 
flexural strength contribution of the compression faceplate, 2) ignoring the flexural strength 
contribution of the middle longitudinal steel plate in the Category 3 walls, 3) reducing the concrete 
contribution to out-of-plane shear strength, 4) ignoring the concrete contribution to in-plane shear 
strength, and 5) limiting the in-plane shear strength to the upper bound for reinforced concrete 
walls given in ACI 349-06 Section 21.7.4.4 (10Acvf’c

0.5).   
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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 Report: 

See Attachment 1 for the mark-ups of revision 1 of TR MUAP-11013. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-53: 

Section 4.3 of MHI TR MUAP-11013-P (R1), which corresponds to Task 2-C, 
Anchorage/Connection Design and Adequacy Check, states that “For each individual demand 
type, a conservative connection design philosophy will be selected from the following: (i) full 
strength with respect to connected components, or (ii) overstrength with respect to seismic force 
demands, or (iii) ductile design providing adequate structure drift capability. Explain what each of 
these mean. For example, (a) clarify whether the full strength with respect to connected 
components means that the connection will be designed to be stronger than both of the 
connected parts, (b) for the overstrength with respect to seismic force demands approach what 
are the design criteria for the required overstrength and what are the bases for these criteria, (c) 
for ductile design providing adequate structure drift capability, why is this identified as an “or” 
option and not “and” along with the first two approaches, and what are the structure drift criteria 
and the bases for these criteria. 

 

ANSWER: 

Refer to TR MUAP-11020 Sections 2 and 3 for information regarding the conservative connection 
design philosophy. An example is included in Section 7.0 to illustrate the design methodology.  As 
shown in the example, the connection elements are designed to be stronger than the weaker of 
the connected parts (in this case, the SC wall above the basemat).   

In addition to the full strength and overstrength connection design options outlined in MUAP-
11020, MUAP-11013 also identified a third option involving ductile design and verification of 
adequate drift capability.   For simplicity and clarity, this option has not been carried forward in 
MUAP-11020. The third connection design option previously identified in MUAP-11013 has been 
removed in the mark-ups provided in Attachment 1. 

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 Report: 

See Attachment 1 for the mark-ups of revision 1 of TR MUAP-11013. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-54: 

Section 6.1 of MHI TR MUAP-11013-P (R1), which corresponds to Task 4-A, Overall Structure 
Performance to SSE Loads, describes the nonlinear inelastic finite element (NIFE) model of the 
entire US-APWR CIS for evaluating its overall structure performance. Regarding the model, 
explain how the “fracture” referred to in Section 6.1 is considered. Also, explain what and how 
dynamic characteristics of the linear elastic finite element (LEFE) models of the CIS structure 
(used in Tasks 1-A and 1-B) will be confirmed using the results of the NIFE analyses. 

 

ANSWER: 

The model details will be included in the calculation report for Task 4-A. The fracture models will 
be discussed in this calculation report. The potential fracture of shear studs and tie bars will be 
included; for example, the tie bars will be assumed to fracture after plastic strain of 1.5% in axial 
tension. Similar strain limits and fracture criterion (deletion or erosion of finite elements) will be 
included in the model. Additional details will be provided in the calculation report when this work 
is implemented and complete.  The calculation report will be available for audit by the NRC. 

The primary dynamic characteristics that will be confirmed include the fundamental natural 
frequencies and mode shapes that were used in the response spectrum analyses that generated 
member design forces.  In addition, the overall structure response will be evaluated at various 
loading stages to evaluate how the primary load paths change as a result of nonlinear behavior.  
This evaluation will be used to confirm the failure mechanisms associated with the primary load 
paths and to compare the redistribution of forces during progressive concrete cracking and/or 
steel yielding with the redistribution observed between the uncracked and cracked linear models. 
  

Impact on DCD 

There is no impact on the DCD.  

Impact on R-COLA 
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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 Report: 

There is no impact on the Technical Report. 
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

2/24/2011 

US-APWR Design Certification 

Mitsubishi Heavy Industries 

Docket No. 52-021 

RAI NO.:    NO. 858-6126 REVISION 3 

SRP SECTION: 03.08.03 – Concrete and Steel Internal Structures of Steel or 
Concrete Containments 

APPLICATION SECTION: 3.8.3 

DATE OF RAI ISSUE:  10/25/2011 

 

QUESTION NO. RAI 03.08.03-55: 

Section 6.2 of MHI TR MUAP-11013-P (R1), which corresponds to Task 4-B, Overall Structure 
Performance for Beyond-SSE Loads, states that "Limit states for local behavior and failure (for 
example, strain limits...) will be identified based on the experimental results and the benchmarked 
NIFE models developed in Task 3." Explain whether these limit states for beyond SSE loads will 
also include consideration of cyclic/hysteresis and dynamic effects. A comparison of these limit 
states to corresponding limit states in reinforced concrete structures should also be described. 
Also, confirm that the purpose of Task 4-B is to identify the seismic margins available beyond 
SSE loading and not to address the seismic margin type evaluations that are covered by SRP 
Chapter 19. 

 

ANSWER: 

The limit states will include consideration of cyclic / hysteresis and dynamic effects.  The manner 
in which these effects are addressed in the analysis will be documented in the Task 4-B 
calculation report, along with a comparison of the observed limit states with those in reinforced 
concrete structures. 

The purpose of Task 4-B is confirmatory to demonstrate the potential seismic margins beyond 
SSE loading, not to address seismic margin type evaluations in SRP Chapter 19. 

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 
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There is no impact on the S-COLA. 

Impact on PRA 

There is no impact on the PRA.  
 
Impact on Technical Report: 

There is no impact on the Technical Report. 
 
 
This completes MHI’s responses to the NRC’s questions.  
 


