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MITSUBISHI HEAVY INDUSTRIES, LTD.

16-5, KONAN 2-CHOME, MINATO-KU
TOKYO, JAPAN

March 26, 2012

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Attention: Mr. Jeffery A. Ciocco

Docket No. 52-021
MHI Ref: UAP-HF-12076

Subject: Amended MHI's Responses to US-APWR DCD RAI No. 879-6196 Revision
3 (SRP 03.08.04)

Reference: 1) "Request forAdditional Information No. 879-6196 Revision 3, SRP Section:
03.08.04 - Other Seismic Category I Structures," dated 12/15/2011.

2) "MHI's Response to US-APWR DCD RAI No. 879-6196 Revision 3
(SRP03.08.04)", UAP-HF-12054, dated 2/29/2012.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") a document entitled "Amended Responses to Request for
Additional Information No. 879-6196, Revision 3."

Enclosed are the responses to the RAI contained within Reference 1. This transmittal amends
the previously transmitted responses submitted via Reference 2 in order to update the
response to US-APWR DCD RAI No. 879-6196 Revision 3, Question No. RAI 03.08.04-52,
sub-question 4. This transmittal completes the response to this RAI.

Please contact Mr. Joseph Tapia, General Manager of Licensing Department, Mitsubishi
Nuclear Energy Systems, Inc. if the NRC has questions concerning any aspect of this
submittal. His contact information is provided below.

Sincerely,

t1/, ý Y -e
Yoshiki Ogata,
Director- APWR Promoting Department
Mitsubishi Heavy Industries, LTD.

Enclosure:

1. Amended Response to Request for Additional Information No. 879-6196 Revision 3



CC: J. A. Ciocco
J. Tapia

Contact Information
Joseph Tapia, General Manager of Licensing Department
Mitsubishi Nuclear Energy Systems, Inc.
1001 19th Street North, Suite 710
Arlington, VA 22209
E-mail: joseph-tapia@mnes-us.com
Telephone: (703) 908 - 8055
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

3/26/2012

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 879-6196 REVISION 3

SRP SECTION: 03.08.04 - Other Seismic Category I Structures

APPLICATION SECTION: 3.8.4

DATE OF RAI ISSUE: 12115/2012

THIS RESPONSE SUPPLEMENTS QUESTION NO. RAI 03.08.04-52, SUB-QUESTION 4,
DATED 2/29/2012 AND SUBMITTED VIA MHI LETTER UAP-HF-12054. THE RESPONSE
TO SUBQUESTION 4 CONTAINS THE SUPPLEMENTAL INFORMATION. THE
REMAINDER OF THE RESPONSE IS UNCHANGED.

QUESTION NO. RAI 03.08.04-52:

The Design Approach and Executive Summary, as well as other sections of MHI's technical
report MUAP-1 1020-P (RO), "Containment Internal Structure: Anchorage and Connection
Design and Detailing," describe 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 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). As stated in the report, the
overstrength connection design approach is used in "rare situations" where full strength
connection "is not practical or feasible to provide a full strength connection." The
overstrength design approach requires the connection to be designed for 200% of the
seismic loads and 100% of the non-seismic loads, and the approach is intended to provide
high confidence of low probability of failure (HCLPF) for 1.67 times the SSE. The report also
refers to the provision in ACI 349-06 Code, Appendix D, Section D.3.6.3, where it allows in
limited cases to design anchorage connections for nonductile behavior. In this case the ACI
349-06 Code provision requires the application of a reduction factor of 0.6 times the design
strength of the anchorage connection. In order to ensure that the overstrength connection
design approach is in accordance with the available guidance in SRP 3.8.3 and ACI 349
Code, and has sufficient strength for the various load combinations and for beyond design
basis SSE loading, the applicant is requested to address the items listed below.

1. The MHI approach for overstrength connection design for the anchorages that connect SC
to reinforced concrete (RC) members utilizes the design provision for nonductile anchorage
in ACI 349-06, Appendix D, Section D3.6.3. However, as indicated in the commentary to ACI
349-06, Appendix D, Section D.3.6.3, (1) ACI 349 encourages anchor designs to have a
ductile-failure mode and (2) nonductile design should be limited to situations where a ductile-
failure mode "cannot be achieved." The staff interprets this to mean that nonductile
connections should be avoided and only used in "rare situations," as also stated in the MHI
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technical report. Therefore, to ensure the "rare" use of this type of connection design, MHI
should provide (1) the locations and extent of the connections that will utilize the
overstrength connection design approach, (2) the SC category types which will utilize the
overstrength connection, and (3) whether the extent of the overstrength connection design
approach is only used in the interface between the SC to RC connection area or includes the
entire 2T connection region. (2T connection regions are designed to be no longer than two
times the wall thickness (2T) from the edge).

2. MHI should (1) confirm that the load demand factor of 200% will be applied not only to
seismic loads but to all loads (i.e., seismic and non-seismic loads) in each of the load
combinations and (2) confirm that this load demand factor is in addition to the strength
reduction factor of 0.6, which is required by ACI 349-06, Appendix D, Section D.3.6.3. If not
then further technical justification should be provided.

3. Since the ACI 349 Code indicates that nonductile connections can be used in situations
where a ductile-failure mode "cannot be achieved," MHI should explain, for each loading type,
why the design of connections with ductile-failure mode "cannot be achieved." For moment
capacity, as an example, explain why the anchor rod to faceplate connection cannot be sized
and spaced so that they would develop the full strength of the faceplates. For shear capacity,
explain why sufficient studs or shear plates cannot be connected to the baseplate at the SC
to RC interface to develop the full shear strength.

4. Since it would be desirable to avoid having the SC to RC overstrength connections govern
the plant HCLPF, which is determined in a seismic margins assessment, MHI should provide
justification to demonstrate that the 200% factor on demand loads is sufficient to preclude
this from occurring.

5. MHI should explain whether the future connection tests being planned will include
overstrength type connections and whether these tests can show that the strength and
ductility would be greater than what was assumed in design.

ANSWER:

1. As presented in MUAP-1 1020, SC wall connections (to other SC walls) and anchorage to
the concrete basemat shall be designed either as: (i) full-strength, or (ii) overstrength
connections. Full strength connections are designed to develop the full strength of the
weakest connected part, while overstrength connections are designed to develop significant
overstrength relative to the force and moment demands calculated by structural analysis for
SSE. In both cases, the connections shall be designed such that their strength is governed
by ductile failure modes of individual connectors (welds, studs, anchor rods, etc.). For
example, the in-plane shear strength of SC wall-to-basemat connections shall be governed
by the direct shear strength of shear studs and anchor rods, which is a ductile failure mode.

The following paragraphs provide specific responses to the three parts of the first question:

(1) Based upon our current analysis and calculations, we expect to provide full
strength connections for all SC connections in the Containment Internal Structure. So
far, we have not needed to design overstrength connections anywhere in the
structure. However, it is important to note that at the present stage, detailed design
has not been accomplished for every SC connection in the CIS; only representative
design examples have been prepared in detail to date. Based on these examples we
expect that full strength connections will be feasible for all SC wall categories.
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Nevertheless it remains possible that detailed design could reveal some rare
exceptions.

(2) As stated in (1), the full strength design approach will be applied to all SC wall
connections. This includes all connections between SC walls of Categories 1, 2, and
3, and all anchorage connections between the Category 1, 2, and 3 SC walls and the
nuclear island basemat.
(3) If the overstrength connection design approach must be used, it will only be used
for design of the connection itself. For example, if the basemat anchorage
connection were to be designed using the overstrength approach, the overstrength
factors would be applied to the design loads for the individual anchorage
components utilized in the connection, such as the welds, baseplate, shear studs,
anchor rods, and the tie bars and/or webplates within the connection region (i.e., 2
times the overall wall thickness above the baseplate). The steel faceplates and
concrete comprising the wall itself, including the portions within 2T above the
baseplate, will be evaluated in accordance with the procedures given in Technical
Report MUAP-11019 for combined force design (i.e., the equations given in MUAP-
11019 chapter 8.)

2. MHI confirms that the 200% factor will be applied to all loads considered in the CIS
analysis, including dead load (D), live load (L), fluid load (F), accident pressure (Pa),
operating thermal (To), Accident thermal (Ta), and earthquake loads (E,,). However, MHI will
not need to include the 0.6 capacity reduction factor specified in ACI 349-06 Appendix D
Section D3.6.3 because the connection strengths will not be governed by non-ductile failure
modes, for example, concrete breakout etc. As stated above, all anchorage components are
to be designed to exhibit ductile failure modes, such that the 0.6 capacity reduction factor will
not be applicable.

3. As stated above, all connectors utilized in the SC connections will be designed to exhibit
ductile failure modes involving steel yielding, both in full strength and overstrength
connections.
If an overstrength design approach becomes necessary, it will only be utilized for the
particular force transfer mechanisms in the connection that can not be designed to achieve
the full strength of the connected wall. For example, if an overstrength design is found to be
unavoidable only for out-of-plane shear transfer in a particular SC wall connection, the
remaining force transfer mechanisms, including tension, out-of-plane moment, and in-plane
shear, will still be designed using the full strength design approach.

4. The 2.0 factor applied to the demands in the overstrength connection design methodology
is intended to achieve the minimum HCLPF margin of safety equal to 1.67 while utilizing the
approach specified in ACI 349-06 Appendix D for the connection design. In order to
demonstrate sufficient safety margin with respect to minimum HCLPF requirements,
ASCE/SEI Standard 43-05 Section C1.3 indicates that both the seismic demands and the
structural capacities must be conservatively specified to achieve less than a 1% probability of
unacceptable performance for the design-basis (safe-shutdown) earthquake.

In this regard, ASCE/SEI 43-05 indicates the following two conditions are necessary to
achieve a HCLPF seismic margin factor of 1.0:

1. The seismic demands must be conservatively computed in accordance with ASCE
4-98.

2. The strength factor of safety R, must satisfy Equation C1-6 of ASCE/SEI 43-05
Section C1.3.
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The seismic demands for the US-APWR are computed in accordance with the guidance in
NRC Standard Review Plan 3.7.2, which is consistent with ASCE 4-98. Therefore, a HCLPF
seismic margin factor of 1.0 is achieved when the strength factor of safety R, satisfies
Equation C1-6 in ASCE 43-05. This equation is presented in two forms, one for ductile
failure modes and one for low ductility failure modes. As the overstrength connection will not
significantly exceed the capacity of the connected parts, failure of the connection is
considered a low ductility failure mode with respect to the overall ductility of the structure,
irrespective of whether the connection failure itself is brittle or ductile. Therefore the low
ductility form of Equation C1.6 is applicable, and the median strength factor of safety Rs,5 o%
must satisfy the following to achieve a HCLPF margin factor of 1.0:

HCLPF = 1.0

RS,50% =z1.33e2 0 54 fs (1)

Where ,Ss is the composite strength logarithmic standard deviation. The 2.054 factor is the
standard normal variable associated with 98% non-exceedance probability. Thus, to achieve
a HCLPF margin factor of 1.67 requires:

HCLPF = 1.67

Rs 5o0% = 2.22e20 54P• (2)

In summary, Eqn. (2) defines the median strength factor required to achieve a HCLPF
margin factor of 1.67.

The minimum strength factor of safety for anchorage elements designed to Appendix D of
ACI 349-06 is based on the 5% fractile approach, corresponding to 90% confidence in a 5%
probability of failure. The corresponding median strength factor for this approach is given as
follows:

RSACI,50% = 1.25e (L282flsu+l.645,6sM) (3)

Where I~su is the strength uncertainty standard deviation, and 8SR is the strength
randomness standard deviation. The 1.282 factor is the standard normal variable associated
with 90% confidence level. The 1.645 factor is the standard normal variable associated with
5% probability of failure. The factor 1.25 = 1/0.8 is the safety margin factor calculated based
on a maximum strength reduction factor of 0.8 for ductile anchorage failure modes in ACI
349-06 D4.5. The composite ,Ps used in Eqn. (2) is defined by:

-6 = VO2 + 'SR f. (4)

Thus, Eqn. (3) can be rewritten in terms of Ps as:

RSAC -,oo/ = 1.25ef's (5)

Where f is a function of the ratio (I3su/IsR). The likely range of f is shown in Table 1.

The required Load Increase Factor (LIF) to achieve a HCLPF seismic margin factor of 1.67 is
then given by:
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LIF = QS°• -0 1.78e(2°54-f)ps (6)
Q S-ACI,50%

The required LIF to achieve a HCLPF seismic margin factor of 1.67 is also shown in Table 1
for a large estimate ofps = 0.4.

Table 1 demonstrates that over the practical range of 1suI13sR) an LIF less than 2.0 achieves
a HCLPF seismic margin factor of 1.67 even when ,Ps is as large as 0.4.

Table 1: Factors f and LIF as a Function of ( )SsuIs)

LIE
(,SSUI/ 3SR) ISI/SR f LIF

63s=0.4

0.5 1.118 2.045 1.78
1.0 1.414 2.070 1.77
2.0 2.236 1.882 1.90

In summary, the use of a LIF equal to 2.0 on the seismic connection demands will ensure
that a minimum HCLPF seismic margin factor of 1.67 is achieved. Further margin will be
obtained by also factoring the non-seismic loads, including dead, live, accident pressure, and
thermal demands as described in the response to Part 2 above.

5. As stated previously, all SC connections including the basemat anchorage are expected
to use the full strength design approach. As a result, no specific tests are planned to
evaluate overstrength connection designs. If any overstrength connections become
necessary, MHI will carefully evaluate the force transfer mechanisms utilized in their design
and assess the need for any further physical testing and/or analysis to demonstrate their
strength and ductility.

With regard to the basemat anchorage connection that is being tested, it is noted that all SC
wall categories (1, 2, and 3) shall be anchored to the concrete basemat using the same
connection configuration. This basemat anchorage configuration is currently being finalized.
A preliminary (tentative) version of this anchorage configuration was included in MUAP-
11020. It is being enhanced to improve constructability and provide further clarity of load
transfer mechanisms. The final (current) basemat anchorage configuration consists of a
thick steel base plate that transfers tension and in-plane shear from the steel faceplates to
welded anchor rods embedded (developed) in the concrete basemat.

As described in Appendix B of MUAP-11020, the confirmatory test plan includes specimens
to experimentally confirm the in-plane shear and out-of-plane shear performance of the final
basemat anchorage configuration, and to confirm the conservatism of the ACI 349-06
Appendix D equations used to design the anchorage connectors.

It is important to note that the basemat anchorage is a full strength connection capable of
developing: (i) 125% of the tension strength of the SC wall, (ii) the flexural strength of the SC
wall corresponding to 125% of the yield stress in the tension steel faceplate, (iii) 110% of the
in-plane shear strength of the SC wall, and (iv) the out-of-plane shear strength required to
develop the flexural strength of the SC wall over a shear span (a/d) ratio of 2.0.
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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/Topical Report

Technical Report MUAP-1 1020 is to be revised to reflect the overstrength connection design
approach as discussed in part 2 of this RAI response (i.e., use of 200% of not only the
seismic demands but also 200% of all other applied loads in each of the design load
combinations).

This completes MHI's supplemental response to the NRC's question.

03.08.04-6


