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QUESTION NO. 03.08.03-111: 

The staff reviewed the applicant’s response to RAI 931-6467, Question 03.08.03-81, 
regarding MUAP 11020 (R0), on the codes and sections of the codes that will be used for SC 
wall connection design. 

For the calculation of the required flexural, axial and out-of-plane shear strengths of the 
connection, the RAI response and MUAP 11020 (R0) indicated that 1.25Asfy (with fy 
corresponding to minimum yield strength) is used for A572 Gr. 50 steel, which includes both 
material overstrength and strain hardening factors. However, for the calculation of the 
required in-plane shear strength of the connection, the RAI response indicated that the use 
of only 1.1Asfy for A572 Gr. 50 steel is more appropriate, without considering the strain 
hardening factor. Tthe staff’s understanding is that actual test data on similar SC specimens 
show that there is some increase in the in-plane shear strength beyond using the MHI 
equation of 1.1Asfy, (where fy is based on minimum yield strength). For a steel ratio of about 
2% comparable to the SC walls, the test data provided by MHI show that the appropriate 
equation should consider the use of 1.1Asfymeasured, where the fymeasured term is the 
steel yield strength based on material measured test results. As a result, the fymeasured 
value already includes the overstrength factor of the steel material, which was identified by 
MHI to be 1.1 (i.e., fymeasured = 1.1fy). Therefore, the appropriate equation would be 
1.21Asfy, where fy is based on the minimum yield. The staff requests MHI to revise the 
response of this RAI, applicable MUAP reports (e.g., MUAP-11019 and MUAP-11020), and 
the DCD reflecting the use of the revised expected in-plane shear strength. 

The staff also reviewed the revised response to RAI 931-6467, Question 03.08.03-81, 
submitted March 29, 2013, and MUAP-11020, Revision 1, submitted February 27, 2013, and 
determined the issue still applies. 
 

ANSWER: 

This answer supplements the previous MHI answer that was transmitted by letter UAP-HF-
13249 (ML13301A287). The supplemental response presented below was discussed with 
the Nuclear Regulatory Commission (NRC) staff during the Design Certification Document 
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(DCD) Tier 2, Section 3.8 Audit conducted during the week of November 4, 2013.  The 
original response to this RAI remains correct with the following supplemental information 
regarding determination of the expected strength of RC slabs. For clarity, the original 
response is repeated below and the supplemental information follows. 

MHI agrees that increasing the required in-plane shear strength (Vr
in) for full-strength 

connections by 10 percent will provide additional conservatism and ensure that the design 
approach envelopes physical test results.  The US-APWR steel concrete (SC) module full 
strength connections are revised so that the required in-plane shear strength (Vr

in) per unit 
length of the connection is 121 percent of the nominal in-plane shear strength of the SC wall. 

 

Impact on DCD 

The revised SC module connection previously shown in Figure 3.8.3-7 (Sheet 5 of 5) is 
revised and provided in DCD Appendix 3L as attached. 

Impact on R-COLA 

There is no impact on the R-COLA. 

Impact on PRA 

There is no impact on the PRA. 

Impact on Technical/Topical Report 

Technical Report MUAP-11020, Rev. 1, Sections 3.1 and 7.2 will be revised as indicated on 
the attached markup. 
 

 

SUPPLEMENTAL INFORMATION: 

For the design of full strength connections, the expected strengths of reinforced concrete 
(RC) members will be determined by considering a 1.25 factor applied to the nominal yield 
strength of the reinforcing steel. This is consistent with the factor provided in Table 6-4 of 
American Society of Civil Engineers (ASCE) 41-06. The expected in-plane shear strength will 
be recalculated for the connections involving RC slabs and the calculation and DCD updated 
accordingly. 

Impact on DCD 

The maximum demand/capacity ratios reported in Tables 3L-26 and 3L-31 will be updated 
based on revised calculations to be performed as described. 

Impact on R-COLA 

There is no impact on the R-COLA. 

Impact on PRA 
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There is no impact on the PRA. 

Impact on Technical/Topical Report 

Technical Report MUAP-11020 Rev.1 will be revised as shown in attachment 1. 
 

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



3. DESIGN OF STRUCTURES, SYSTEMS, US-APWR Design Control Document 
    COMPONENTS, AND EQUIPMENT 
 
 

 
Tier 2 3.8-234 Revision 4 

 
Figure 3.8.3-7 Typical Details of SC Modules (Sheet 5 of 5) 
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3.   DESIGN OF STRUCTURES, SYSTEMS        US-APWR Design Control Document 
COMPONENTS, AND EQUIPMENT Appendix 3L 

 

Tier 2 3L-106 Revision 4 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3L-58  RWSP Basemat Anchorage Connection – Section (ID 4) 

Note:  Final connection configuration details may vary and are subject to changes necessary 
for fabrication and/or constructability. 
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3.   DESIGN OF STRUCTURES, SYSTEMS        US-APWR Design Control Document 
COMPONENTS, AND EQUIPMENT Appendix 3L 

 

Tier 2 3L-107 Revision 4 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3L-59  RWSP Basemat Anchorage Connection – Elevation (ID 4) 

Note:  Final connection configuration details may vary and are subject to changes necessary 
for fabrication and/or constructability. 
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3.0 CONNECTION REQUIRED STRENGTHS 

The connection required strengths for SC walls are calculated as described in Sections 1.1 and 
2.0 of this TeR. The majority of the connections are designed using the full strength connection 
design philosophy. The full-strength connection design philosophy requires the connections to 
be stronger than the connected SC walls, and the connection regions to be detailed to undergo 
yielding and to dissipate energy during extreme seismic or accident events. Non-ductile failure 
modes such as out-of-plane shear failure or steel faceplate fracture (before significant yielding) 
are prevented in the connection regions for shear span ratios greater than 2.0, as explained 
below. This ensures that such failure modes do not interfere with or prevent energy dissipation 
by the SC walls and overall ductile behavior of the containment internal structure during extreme 
events. 

3.1 Full Strength Connection Required Strengths 

For full strength connections, the required strengths for the individual demands (i) – (iv) are 
defined in terms of the expected strengths of the weaker connected part, as follows: 

(i) The required axial tension strength (Nr) per unit length of the connection is 125% of the 
nominal yield strength of the weaker of the connected parts in tension. The 1.25 factor used to 
obtain the expected tensile strength is conservatively selected to be consistent with the factor 
used for flexure, as discussed in (iii) below. Compressive stresses are transferred through the 
connection via direct bearing of the concrete.  

(ii) The required in-plane shear strength (Vr
in) per unit length of the connection is 110% of the 

nominal in-plane shear strength of the SC wall. The nominal in-plane shear strength of SC walls 
is defined in TeR MUAP-11019 Rev. 1 as AsFy, where As is the total area of the steel faceplates 
per unit length of the wall, and Fy is the nominal yield strength of the steel. The expected 
strength of the A572 Gr. 50 steel faceplates is defined using the material overstrength factor of 
1.1 given in ASCE 41-06 Table 5-3. This is also consistent with the Ry factor of 1.1 given in 
AISC 341-10 (Reference 9) for A572 Gr. 50 plate material. 

(iii) The required flexural strength (Mr) of the connection and the connection region is the 
expected flexural strength of the weaker of the connected parts. This is defined as 125% of the 
nominal yield strength of the primary tension reinforcement (1.25FyAs), where As is the area of 
one faceplate per unit length of the wall. The 1.25 factor accounts for both material overstrength 
and strain hardening of the A572 Gr. 50 steel faceplates. Strain hardening is included in the 
expected flexural strength calculation because of the higher strain rates that occur in the tension 
steel faceplate as the plastic moment capacity of the composite section is developed. This is 
similar to the 1.25 factor in ACI 349-06 Section 21.5.1.1, which also accounts for both material 
variability and strain hardening in the longitudinal reinforcement of moment frames (see also 
ACI 352R-02 Section 3.3.4, Reference 10). It is important to note that rebar steel has more 
variability in yield stress than plate steel material (ASCE 41-06). 

As mentioned above in (i), the 1.25 factor applied to flexural strength is also conservatively 
assigned to tension strength for consistency. This factor is conservative for expected tensile 
strength because direct tension on the wall, like in-plane shear, causes simultaneous yielding of 
both faceplates and thus corresponds to the yield strength of the faceplates before strain 
hardening.  
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This 1.1 factor is increased by an additional
10% for conservatism.
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7.2 Summary of Full Strength Connection Design Procedures 

The following is a summary of the steps involved in the full strength design procedure outlined in 
Sections 1 - 6 of this TeR, as applied to the basemat anchorage connection. The evaluation of 
the connection for combined forces is illustrated in Step 9 for the rebar anchors (part “iv” above), 
to illustrate the application of both ACI 349-06 and ASME Section III Division 2 requirements. 
The approach for evaluating other components of the anchorage connection for combined 
forces is similar, and is presented in detail in the CIS basic design calculations. 

Step 1) Design Demands: The anchorage design demands (Nu, Vu
in, Mu, and Vu

out) can be 
determined from the results of the LEFE analyses as outlined in Section 1.1. These design 
demands are not used directly in the design process until Step 9. 

Step 2) Design Philosophy: The full strength connection design approach outlined in Section 2.0 
is selected for the anchorage connection.  

Step 3) Full Strength Connection Required Strengths: The anchorage connection required 
strengths (Nr, Vr

in, Mr, and Vr
out) for the individual demands are calculated as outlined in  

Section 3.  

For example, the Refueling Water Storage Pit (RWSP) wall in the US-APWR has a wall 
thickness equal to 39 in. and a steel faceplate thickness equal to 0.5 in. These are the 
properties of the RWSP wall shown in Figure 7.1-1. The steel plate yield stress is equal to 50 
ksi, and the concrete compressive strength is 4 ksi. The anchorage required strengths for this 
wall are calculated as: 

 Nr = 1.25 Fy 2 As = 1.25 x 50ksi x 2 x 0.5 in. x 12 in.= 750 kip/ft 

 Vr
in = 1.1 Fy 2 As  = 1.1 x 50ksi x 2 x 0.5 in. x 12 in. = 660 kip/ft   

 Mr = moment associated with 1.25 Fy As tension reinforcement = 1052 kip-ft/ft (see 
Figure 7.2-1) 

 Vr
out = Mr/(2T) = 161.8 kip /ft  
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Step 5) Force Transfer Mechanism for Tension: The force transfer mechanism for transferring 
axial tension from the steel faceplates to the base foundation concrete is shown in Figure 7.2-2. 
As shown, the force transfer is achieved using large diameter reinforcing bars that are attached 
to the thick steel baseplate using welded mechanical couplers. These reinforcing bars are 
extended sufficiently into the basemat to ensure full development of the bars. Furthermore the 
basemat is sufficiently reinforced to prevent a concrete breakout failure mode due to tension 
applied to the reinforcing bar group. 

The steel plates of the SC walls are welded to the thick steel baseplate using complete joint 
penetration welds to ensure that the full tensile capacity of the plates can be transferred. The 
baseplate is designed with sufficient thickness to transfer the faceplate tensile force to the two 
anchor rods on either side of the faceplate (the center rod is provided for shear resistance only). 
The diameter, number, and spacing of the rebar anchors are determined to provide design axial 
tension strength greater than the required axial tension strength (Nr).  

 

Figure 7.2-2  Anchorage Connection: Force Transfer Mechanism for Tension 

Step 6) Force Transfer Mechanism for Bending Moment: The force transfer mechanism for 
transferring bending moment from the SC wall to the concrete basemat is similar to that shown 
in Figure 7.2-2, where the tensile force in the steel faceplate of the SC wall is transferred 
through the steel baseplate and rebar anchors into the concrete basemat. Flexural compression 
is transferred through direct bearing of the SC wall concrete on the steel baseplate. 

Step 7) Force Transfer Mechanism for In-Plane Shear: The mechanism for transferring in-plane 
shear from the SC wall to the steel baseplate consists of: (i) welding the steel plates of the SC 
wall to the steel baseplate, and (ii) shear studs in the concrete infill of the SC wall.  

The force transfer from the steel faceplates to the baseplate is readily achieved by welding. As 
shown in Figure 7.2-3, the force transfer from the concrete infill of the SC wall to the steel 
baseplate is achieved using shear studs that are designed according to the requirements of ACI 
349-06 Appendix D Section D.6. These shear studs have longitudinal spacing (along the length 
of the wall) of 6 in., and load path shown in Figure 7.2-3.  
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Revised Figure 7.2-2
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Figure 7.2-3  Anchorage Connection: In-Plane Shear Load Path Through Shear Studs 
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Revised Figure 7.2-3
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Step 8) Force Transfer Mechanism for Out-of-Plane Shear: Two primary mechanisms exist to 
transfer out-of-plane shear from the wall to the baseplate consisting of: (i) a reduced number of 
effective studs attached to the top of the baseplate as shown in Figure 7.2-4 (for the 39 in.-thick 
RWSP wall), and (ii) friction between the baseplate and the infill concrete in the equivalent 
flexural compression stress block resulting from out-of-plane moment. In accordance with ACI 
349-06 Section D.6.1.4, the friction in the compression block is combined with the shear 
capacity of the studs on the top of the baseplate. Both of these shear transfer mechanisms 
listed above can develop the full strength design shear capacity. Furthermore, the conservatism 
of these out-of-plane force transfer mechanisms is confirmed by the 5:8 scale test of the 
basemat anchorage connection performed in Test Series 5.2 (see the Confirmatory Test Matrix 
presented in Appendix C for further discussion).  

The force transfer mechanism for transferring out-of-plane shear from the steel baseplate to the 
concrete basemat is through direct shear on the rebar anchors. As described above for in-plane 
shear, the design for direct shear is performed according to ACI 349-06 Section D.6.1.  

 

 

Figure 7.2-4  Anchorage Connection: Force Transfer Mechanism for Out-of-Plane Shear  

RESPONSE TO RAI 1024-7053 Q# 03.08.03-111 
Attached Markup of MUAP-11020

10/1/2013 
Page 7 of 12

Revise as shown on
attached 'Revised
Figure 7.2-4'



RESPONSE TO RAI 1024-7053 Q# 03.08.03-111 
Attached Markup of MUAP-11020 Page  8 of 12 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Revised Figure 7.2-4
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Step 9a) Check Design for Combined Forces per ACI 349-06: The design force demands 
determined in Step 1 (Nu, Vu

in, Mu, and Vu
out) are used to check the connection design strength. 

Each individual demand is used to compute the required strength on the associated connector. 
The total required strength for each connector is determined by superposition of the required 
strengths from the individual demands.  

The connector design strength is checked against the total required strength using the 
applicable code equations that account for superimposed force demands.  

For the basemat anchorage example, this step is illustrated for the rebar anchors below. The 
design force demands are computed for the 39 in.-thick RWSP wall, using an applicable seismic 
load combination (i.e. dead load + live load + fluid load + operating thermal + seismic). The 
demands are obtained from an LEFE analysis using appropriate ACI 349-06 load factors. The 
demands to be used for illustrating the interaction check are as follows: 

Nu = 54.2 kip/ft of wall (axial tension) 

Vu
in = 55.9 kip/ft of wall (in-plane shear) 

Mu = My = 259.4 kip-ft/ft of wall (out-of-plane moment) 

Vu
out = 90.3 kip/ft of wall (out-of-plane shear). 

These loads are applied to the section as shown in Figure 7.2-5 below. 
  

  
 

Figure 7.2-5  Application of Forces to Rebar Anchors 
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Revised Figure 7.2-5
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Figure 7.2-6 Overall Sketch of Basemat Anchorage Connection 
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Revised Figure 7.2-6
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Connection Design Summary – RC Slab-to-SC Wall Connection  

The determination of the required strengths for the RC slab-to-SC wall connection is based on 
the full strength connection design philosophy. The location and conceptual details of a typical 
connection joining an RC slab to an SC wall is shown in Figures B.1-1 and B.1-2 below. The 
required individual strengths (Vr

out, Mr, Nr, and Vr
in) are based on ACI 349-06 with the 

applicable sections as follows:  

� Tension (Nr) and Moment (Mr): ACI 349-06 Section 21.5.1.1. 

� Out-of-Plane Shear (Vr
out): ACI 349-06 Section 21.3.4.1. 

� In-plane Shear (Vr
in): ACI 349-06 Section 21.7.4.  

The force transfer mechanisms selected to resist full strength RC slab demands are illustrated 
in Table B.1-1. The evaluation of all the connection components including design for combined 
forces is not presented here, but is presented in detail in the CIS basic design calculations. 

 

 

Figure B.1-1  Plan View Showing Area of Detail for RC Slab-to-SC Wall Connection
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For the full strength design of an RC slab-to-SC wall connection, the expected strengths 
of RC members are determined by considering a 1.25 factor applied to the nominal yield 
strength of the reinforcing steel. This is consistent with the factor provided in Table 6-4 
of American Society of Civil Engineers (ASCE) 41-06. 

Security-Related Information – Withheld Under 10 CFR 2.390




