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QUESTION NO. 03.08.03-81 
 
MHI Technical Report (TR) MUAP-11020-P (R0) describes the design criteria and approach 
for connections that involve the steel-concrete (SC) walls. The design of the containment 
internal structure (CIS) connections is based on either a full strength or an overstrength 
connection. The full strength connection design approach is to design the connection to 
transfer the individual expected strengths of the weaker of the two connected parts. The 
overstrength connection design approach is to design the connection to develop significant 
overstrength with respect to the design forces (not expected strengths of the connected 
parts). 

The MHI RAI response to RAI 03.08.04-52 dated 3/26/12 indicates that both full strength and 
overstrength connection designs are ductile designs, which means that the connection 
strength relies on steel strength, i.e., either the anchorage steel strength or the attachment 
steel strength. However, the TR does not clearly indicate which sections of ACI 349-06 and 
ANSI/AISC N690 will be followed in the design of the CIS SC wall connections. For example, 
on page iii, the TR states that "This full strength connection design philosophy is similar to 
the concrete anchorage design philosophy in ACI 349-06 Appendix D. For example, Section 
D.3.6.2 indicates the need for full strength connection design that is capable of developing 
the expected strength of the connected part." In addition, on page iv, the TR states that "This 
overstrength connection design philosophy is somewhat similar to the concrete anchorage 
design philosophy in ACI 349-06, Appendix D, Section 3.6.3.... The expected strength is 
estimated using applicable material overstrength factors from ASCE 41, which are similar to 
those in ACI 349-06 Section 21.5.1." Also, Figure 7.3 of the TR shows a code boundary for 
the design of SC wall anchorage connections. It indicates that ACI and ASME codes are 
used for the design of SC wall anchorage connections above and within the basemat, 
respectively. However, the design approach described later in the report does not appear to 
follow the ASME Code for anchorage of the SC wall baseplate into the concrete basemat. To 
ensure that the design criteria for the connection design involving SC members are 
acceptable, the following information should be provided: 

1.  Specify which sections of which code will be used for the full strength and overstrength 
connection designs, and revise the various sections in the TR accordingly. Phrases such 
as similar to should not be used unless it specifically identifies where the differences exist 
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and if the differences are shown to be conservative. 

2.  For the anchorage design of the SC walls to the containment basemat, explain which 
code (ACI 349 including Appendix D/N690 or ASME Div. 2) is utilized, the basis for 
selection of that Code, and what sections of the Code are utilized. 

3.  ACI 349-06 Appendix D Section 3.6.2 requires that the attachment steel yields at a load 
level not greater than 75% of the factored anchor design strength. This means that the 
factored anchor design strengths (including axial tension, shear, etc.) should be at least 1/ 
(75%) = 133% of the attachment strength which is controlled by the yield strength of the 
attachment steel. This is not utilized in the current approach where for example, 125% of 
the face plate strength is utilized for the axial and flexural connection strengths. Explain 
whether ACI 349-06 Appendix D will be used for the design of all SC wall connections. If 
not provide adequate justification why Appendix D will not be used. 

 
 
ANSWER: 

This answer revises and replaces the previous MHI answer that was transmitted by letter 
UAP-HF-12197 (ML12235A511). 

Technical Report MUAP-11013, Rev. 2, discusses the applicability of industry codes and 
standards to the steel concrete (SC) module design and their use in establishing acceptance 
criteria.  As stated in this Technical Report, American Concrete Institute (ACI) 349-06 is the 
basis for design of the SC structures in the US-APWR containment internal structure (CIS).  
However, the ACI 349 code has several limitations with respect to design of SC modules and 
their connections.  This requires evaluation of the appropriateness and conservatism of each 
applicable code provision.  This requirement is especially important for design of SC 
connections, since ACI 349-06 makes no direct recommendation for design of connections, 
even for reinforced concrete structures. 

ACI 349-06 provides:  (i) detailing provisions for moment frame connections in Sections 21.3 
and 21.5; (ii) requirements for developing and anchoring the primary longitudinal 
reinforcement in walls in Section 21.7 and diaphragms in Section 21.9; and (iii) design 
provisions for structural embedment of attachments to reinforced concrete structures in 
Appendix D.  ACI 349-06 offers no provisions for design of connections between reinforced 
concrete walls that intersect each other or between reinforced concrete walls and slabs.   

As shown in ACI 349-06, Figure RD2.6, Appendix D, provisions are meant for design of 
structural embedments for attachments to reinforced concrete walls.  Appendix D provisions 
are not meant for design of wall-to-wall or wall-to-slab connections.  Appendix D provisions 
are also limited to anchors in the experimental database.  For example, as mentioned in 
Section D4.2.2, concrete breakout provisions are applicable only to anchors with diameters 
not exceeding 2 in. and lengths not exceeding 25 in. 

Thus, the US-APWR SC wall-connection design approach: 

(i)  Follows all ACI 349-06 code provisions applicable to the design of wall connections 
including those in Chapter 21. 

(ii)  Satisfies the intent and performance objectives of ACI 349-06, Chapter 21, which are: 

(a)  Elastic response with no significant damage during safe-shutdown earthquake 
(SSE), and  
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(b)  Margin against collapse in the event of beyond-design-basis earthquake with return 
period in excess of SSE. 

(iii) References specific ACI 349-06, Appendix D, requirements for the design of connectors, 
namely, rebar anchors and shear studs. 

Technical Report MUAP-11020, Rev. 1, provides two approaches for designing SC wall 
connections:  (i) full-strength;, and (ii) overstrength connection design.  Both of these design 
approaches were developed to satisfy the ACI 349-06, Chapter 21, intent and performance 
objectives outlined above.  These design approaches were not developed based on ACI 349-
06, Appendix D, provisions for the design of embedments for attachments to reinforced 
concrete structures but the relationships between the connection design approaches 
described by Technical Report MUAP-11020, Rev. 1, and the intent of ACI 349-06, Appendix 
D, design provisions are described below in response to this RAI question. 

Comparison of SC Wall Connection Design Approaches and ACI 349-06, Appendix D 
Anchorage Design Approaches 

ACI 349-06, Appendix D, provides three design approaches for embedment of attachments 
to reinforced concrete structures.  The appropriate design approach is selected based on the 
governing failure mode for the embedment and attachment system as follows: 

 The Section D.3.6.1 design approach is used when the embedment-attachment system 
governing failure mode is ductile failure of the embedded steel.  In this case, the 
embedment is weaker than the attachment but has a ductile failure mode. 
 

 The Section D.3.6.2 design approach is used when the embedment-attachment system 
governing failure mode is ductile failure of the attachment steel.  In this case, the 
attachment is weaker than the embedment and has a ductile failure mode.  Non-ductile 
failure modes are permitted to govern the strength of the embedment itself but they do 
not control embedment-attachment system strength. 
 

 The Section D.3.6.3 design approach is recommended when the embedment-attachment 
system governing failure mode is non-ductile failure in the concrete surrounding the 
embedment.  However, the design strength of the embedment is reduced further to 60 
percent (1/1.67) of the calculated design strengths of the embedment subjected to axial 
tension and shear.  

Both the overstrength connection design approach in Technical Report MUAP-11020, Rev. 1, 
and the embedment-attachment system design approach in ACI 349-06, Section D.3.6.1, 
require the governing failure mode to be ductile failure of the connection and the ductile 
failure of the embedment, respectively.  However, the overstrength design approach in 
Technical Report MUAP-11020, Rev. 1 requires an additional load factor of 200 percent to be 
applied to both seismic and non-seismic loads to achieve the ACI 349-06, Chapter 21, 
performance objective identified above as (ii) b.  The basis for applying this 200 percent 
factor on all loads is presented in the response to RAI 879-6196, Question 03.08.03-52, Part 
4. 

Both the full-strength connection design approach in Technical Report MUAP-11020, Rev. 1, 
and the embedment-attachment system design approach in ACI 349-06, Section D.3.6.2, 
require the governing failure mode to be ductile yielding of the SC wall and ductile yielding of 
the attachment, respectively.  However, there are two differences between the full-strength 
connection design approach and the embedment-attachment system design approach in ACI 
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349-06, Section D.3.6.2: 

(1)  The full-strength connection design approach requires ductile failure modes to 
govern the strength of the connection, whereas ACI 349-06, Section D.3.6.2, 
permits non-ductile failure modes to govern the strength of the embedment. 

(2)  The full-strength SC wall-connection design approach requires the connection 
design strength to be greater than or equal to the expected strength of the weaker 
of the connected SC walls.  These expected strengths are calculated for each 
demand type as described in the response to RAI 931-6467, Question 03.08.03-82.  
ACI 349-06, Section D.3.6.2, requires the embedment design strength to be greater 
than the attachment yield strength by a factor of 1/0.75 or 133 percent.  The reasons 
for this difference are explained in the response to RAI 931-6467, Question 
03.08.03-81 Part 3. 

The US-APWR SC wall connection design does not use the ACI 349-06, Section D.3.6.3, 
approach, which allows non-ductile failure modes to govern design of the embedment-
attachment system.  

Thus, the overstrength and the full-strength US-APWR connection design approaches 
require the governing failure mode to be ductile failure of the connection and the SC wall, 
respectively.  These approaches are consistent with the intent of ACI 349-06, Sections 
D.3.6.1, and D.3.6.2, respectively.  Furthermore, Technical Report MUAP-11020, Rev. 1, 
imposes additional requirements for overstrength and full-strength connection design to 
assure conservative conformance with ACI 349-06, Chapter 21, performance objectives and 
intent. 

Response to 1 

Technical Report MUAP-11020, Rev. 1, provides specific code references applicable to each 
step of the full strength and overstrength design approaches.  For example, Technical Report 
MUAP-11020, Rev. 1, Section 7.1, provides code references applicable to the SC wall to 
containment basemat connection which addresses sub-question 2.  Similar information is 
provided for the SC wall-to-wall joint connection in Appendix A of Technical Report MUAP-
11020, Rev. 1, and for the reinforced concrete slab-to-SC wall connection in Appendix B. 

Note that ACI 349-06 does not provide reference criteria for some aspects of the design 
procedure.  For example, the equations for connection required strengths given in Technical 
Report MUAP-11020, Rev. 1, Section 3.1, are not given in ACI 349-06, nor are they directly 
provided in any other code.  Nevertheless, available references are cited, such as ACI 349-
06, Section 21.5.1.1, for the 1.25 factor applied to specified yield strength and Section 21.3.4 
for required out-of-plane shear forces considered in seismic design of moment frames.  The 
conservatism of the Technical Report provisions that are not directly obtained from ACI 349-
06 are confirmed by the US-APWR SC Confirmatory Testing program as summarized in 
Technical Report MUAP-11013, Rev. 2, Appendix B. 

Response to 2  

Technical Report MUAP-11020, Rev. 1, Section 7.1, provides the code requirements for the 
basemat anchorage connection.  This includes the requirements of American Institute of 
Steel Construction (AISC) N690 applicable to design of the baseplate and welds, the 
requirements of ACI 349-06 applicable to the design of the shear studs and rebar anchors, 
and the requirements of American Society of Mechanical Engineers (ASME) Section III, 
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Division 2, applicable to the baseplate and rebar anchors that serve as the containment 
pressure boundary liner and liner anchors. 

Response to 3 

ACI 349-06, Appendix D, Section D.2.6, limits the scope and jurisdiction of the Appendix to 
the design of embedments and associated anchors.  See Commentary for  Figure RD2.6 for 
additional clarification regarding the scope and jurisdiction of ACI 349-06, Appendix D. 

ACI 349-06, Section D.3.6, presents general requirements for embedment design.  It 
presents three alternatives, as summarized in the initial part of this RAI response.  Section 
D.3.6.1 requires that embedment design be controlled by the strength of the embedment 
steel.  The nominal tensile strength of the steel embedment is required to be less than the 
design strength associated with concrete (non-ductile) failure modes and phi factor of 0.85.  
As an alternative ductile design approach, Section D.3.6.2 permits the attachment to be 
designed to yield at a load level corresponding to anchor forces not greater than 75 percent 
of the anchor design strength (with phi factors). 

As explained in the Commentary RD.3.6.2, Section D.3.6., is based on attachment yield 
strength fy, whereas Section D.3.6.1 is based on the embedment steel tensile strength (futa).  
The 0.75 factor was selected to achieve margin equivalent to that in Section D.3.6.1 for 
American Society of Testing and Materials (ASTM) A36 steel attachments.  As stated in the 
commentary, the strength of A36 steel is better characterized by yield stress, while the 
strength of embedment steels is better characterized by their tensile strength (futa).  The 0.75 
(1/1.33) factor allows for material overstrength, i.e., differences in the actual yield strength 
versus specified minimum yield strength for A36 steel attachments. 

The US-APWR attachments (SC face plates) are not made from ASTM A36 steel.  They are 
made from ASTM A572 Gr. 50 steel.  As shown in ASCE 41-06, the ratio of actual yield 
strength versus specified minimum yield strength (material overstrength factor) is lower for 
A572 Gr. 50 steel than for ASTM A36 steel. ,This factor is equal to 1.1 for A572 Gr. 50 steel, 
but is between 1.3 and 1.5 for A36 steel.  

As indicated in AISC 358-10, for full strength connections in seismic design, this material 
overstrength factor is further multiplied by a strain hardening factor (equal to 1.1).  We further 
rounded up the product of the A572 Gr. 50 material overstrength factor and the strain 
hardening factor from 1.21 (=1.1 x 1.1) to 1.25, which is conservative.  This is the basis for 
the use of 1.25 fy as the stress level in the steel faceplates for calculating the required 
flexural strength for design.   

This 1.25 factor (which includes both material overstrength and strain hardening factors) is 
more appropriate for calculating required flexural strength for design than for calculating 
required axial tension strength or in-plane shear strength for design, as explained below. 

A572 Gr. 50 steel plates have elastic-plastic behavior, and strain hardening occurs for larger 
strain values (greater than or equal to 1 percent).  Applied moments initiate flexural yielding 
of the tension steel faceplate first.  This corresponds to the yield moment (My).  However, the 
moment capacity (Mn) corresponds to the plastic moment capacity (Mp) of the composite 
section, which occurs with larger strain (and potentially strain hardening) in the tension steel 
faceplate.  Use of 1.25 fy for estimating the required moment capacity of the connection is 
appropriate.  

However, axial tension and in-plane shear occur with simultaneous yielding of both steel 
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faceplates.  The axial tension and in-plane shear strength correspond to the yield strength of 
the steel faceplates before strain hardening.  Thus, use of only the material overstrength 
factor (1.1 for A572 Gr. 50), i.e., 1.1 fy is more appropriate for estimating the required axial 
tension and in-plane shear strength.  

However, in Technical Report MUAP-11020, Rev. 1 we have conservatively used 1.25 fy as 
the steel faceplate stress for calculating the required tension strength and flexural strength of 
the attached SC wall.  This was done primarily for the reason that designing for the required 
flexural strength (corresponding to 1.25 fy) automatically designs for the required tension 
strength (corresponding to 1.25 fy).The connection cannot be designed for 1.1 fy for tension, 
and 1.25 fy for flexure, because flexure will always govern.  

The 1.25fy factor is also mentioned directly in Section 21.5.1.1 of ACI 349-06 for design of 
joints in concrete moment frames.  Note that the ACI 349-06, Section 21.5.1.1, factor of 1.25 
is not being used to justify the US-APWR 1.25 factor.  We are citing this code section to 
demonstrate the agreement in design philosophy between the code and the US-APWR 
design.  The 1.25 factor in ACI 349-06 is identical to the 1.25 factor in ASCE 41-06.  ASCE 
41-06 further clarifies that the 1.25 factor accounts for both material overstrength and strain 
hardening for rebar material because it does not necessarily have a clearly defined yield 
strength and goes into strain hardening behavior almost immediately after yielding.  

The factor of 0.75, which is the inverse of 133 percent in ACI 349-06, Appendix D, Section 
D.3.6.2, is a non-conservative estimate of the product of the material overstrength factor for 
A36 steel (1.3 to 1.5) and the strain hardening ratio of 1.1. 

The MHI approach of using 1.25 fy as the A572 Gr. 50 steel faceplate stress for calculating 
the connection required flexural and tension strength satisfies the intent of ACI 349-06, 
Section 21.5.1.1, and Section D.3.6.2. 

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 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. 


