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

May 16, 2012

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

Attention: Mr. Jeffrey A. Ciocco

Docket No. 52-021
MHI Ref: UAP-HF-12108

Subject: MHI's Responses to US-APWR DCD RAI No. 905-6311 REVISION 3 (SRP
03.08.03)

Reference: 1) "Request for Additional Information No. 905-6311 Revision 3, SRP Section:
03.08.03 - Concrete and Steel Internal Structure of Steel or Concrete
Containments," dated January 25, 2012.

With this letter, Mitsubishi Heavy Industries, Ltd. ("MHI") transmits to the U.S. Nuclear
Regulatory Commission ("NRC") a document entitled "Responses to Request for Additional
Information No. 905-6311 Revision 3."

Enclosed is the response to the RAI contained within Reference 1.

As indicated in the enclosed materials, this document contains information that MHI considers
proprietary, and therefore should be withheld from public disclosure pursuant to 10 C.F.R. §
2.390 (a)(4) as trade secrets and commercial or financial information which is privileged or
confidential. A non-proprietary version of the document is also being submitted with the
information identified as proprietary redacted and replaced by the designation "[ ]".

This letter includes a copy of the proprietary version (Enclosure 2), a copy of the
non-proprietary version (Enclosure 3), and the Affidavit of Yoshiki Ogata (Enclosure 1) which
identifies the reasons MHI respectfully requests that all materials designated as "Proprietary"
in Enclosure 2 be withheld from public disclosure pursuant to 10 C.F.R. § 2.390 (a)(4).

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

Sincerely,

Yoshiki Ogata,
Director- APWR Promoting Department
Mitsubishi Heavy Industries, LTD.

79b6



Enclosures:

1. Affidavit of Yoshiki Ogata

2. Responses to Request for Additional Information No. 905-6311 REVISION 3
(Proprietary version)

3. Responses to Request forAdditional Information No. 905-6311 REVISION 3
(Non-proprietary version)

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



ENCLOSURE 1
Docket No. 52-021

MHI Ref: UAP-HF-12108

MITSUBISHI HEAVY INDUSTRIES, LTD.

AFFIDAVIT

I, Yoshiki Ogata, state as follows:

1. I am Director, APWR Promoting Department, of Mitsubishi Heavy Industries, LTD ("MHI"),
and have been delegated the function of reviewing MHI's US-APWR documentation to
determine whether it contains information that should be withheld from public disclosure
pursuant to 10 C.F.R. § 2.390 (a)(4) as trade secrets and commercial or financial
information which is privileged or confidential.

2. In accordance with my responsibilities, I have reviewed the enclosed document entitled
"Responses to Request for Additional Information No. 905-6311 REVISION 3" dated May
2012, and have determined that portions of the document contain proprietary information
that should be withheld from public disclosure. All pages contain proprietary information
as identified with the label "Proprietary" on the top of the page, and the proprietary
information has been bracketed with an open and closed bracket as shown here "[ ]".
The first page of the document indicates that all information identified as "Proprietary"
should be withheld from public disclosure pursuant to 10 C.F.R. § 2.390 (a)(4).

3. The information identified as proprietary in the enclosed documents has in the past been,
and will continue to be, held in confidence by MHI and its disclosure outside the company
is limited to regulatory bodies, customers and potential customers, and their agents,
suppliers, and licensees, and others with a legitimate need for the information, and is
always subject to suitable measures to protect it from unauthorized use or disclosure.

4. The basis for holding the referenced information confidential is that it describes the
unique design and methodology developed by MHI as it provides the analytical and
testing basis for the qualification of steel concrete modules.

5. The referenced information is being furnished to the Nuclear Regulatory Commission
("NRC") in confidence and solely for the purpose of information to the NRC staff.

6. The referenced information is not available in public sources and could not be gathered
readily from other publicly available information. Other than through the provisions in
paragraph 3 above, MHI knows of no way the information could be lawfully acquired by
organizations or individuals outside of MHI.

7. Public disclosure of the referenced information would assist competitors of MHI in their
design of new nuclear power plants without incurring the costs or risks associated with
the design of the subject systems. Therefore, disclosure of the information contained in
the referenced document would have the following negative impacts on the competitive
position of MHI in the U.S. nuclear plant market:

A. Loss of competitive advantage due to the costs associated with the development



of the unique design parameters.

B. Loss of competitive advantage of the US-APVVR created by the benefits of the
steel concrete module design.

I declare under penalty of perjury that the foregoing affidavit and the matters stated therein
are true and correct to the best of my knowledge, information and belief.

Executed on this 16 th day of May, 2012.

Yoshiki Ogata,
Director- APWR Promoting Department
Mitsubishi Heavy Industries, LTD.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

5/16/2012

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 905-6311 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: 1/25/2012

QUESTION NO. RAI 03.08.03-67:

1. As indicated in MHI Technical Report (TR) MUAP-1 1019-P (RO), the key design
philosophy for steel-concrete (SC) walls includes the prevention of SC specific failure
modes and limit states by designing and detailing the section adequately. One of the
potential SC specific failure modes is local buckling of the steel faceplates. The TR
concludes that the SC specific limit state of steel faceplate local buckling is prevented by
designing or detailing plate slenderness (defined by s/tp where s = shear connector
spacing and tp = plate thickness) to be less than or equal to 20 everywhere in the
containment internal structure (CIS). As discussed in Section 2.2 of the TR, this conclusion
is based on a test performed on several specimens that were subjected to axial
compression. It appears that the test subjected the specimens to compressive loads but
did not consider the additional expansion effects of the steel plates due to operating and
accident temperature loading. MHI Technical Report (TR) MUAP-11005-P (R0) does
describe some tests performed on SC members considering temperature effects to
determine whether buckling occurs; however, these tests do not appear to include
compressive loads. Therefore, the staff requests that the applicant discuss the combined
effects of temperature and axial loading on steel faceplate local buckling and whether
additional tests are needed to consider the combined effects.

2. As discussed above, Section 2.2 of the subject TR made reference to MHI Technical
Report (TR) MUAP-11005 (RO) for the compressive test of several specimens to examine
buckling. However, this specific test could not be located in TR MUAP-1 1005 which
contains over 16 different test papers. Therefore, in this case and in other cases,
whenever a reference is made to a test report or paper, the applicant is requested to
clearly identify where the report/paper is located.

3. Due to (a) the limited number of test specimens (five) shown on page 2-2 in TR MUAP-
1101 9-P, (b) the question of similarity of the test specimens to the US-APWR SC
members, and (c) the potential test scale effects, the applicant is requested to also
perform a calculation for the US-APWR specific design configuration of the SC members
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to support the test results and to demonstrate the conservatism of the slenderness ratio
design criteria to preclude local buckling.

4. The results of the 1/10 scale test, such as those presented on page 2-11 of MHI TR
MUAP-10002-P (RO), indicate that buckling failures occurred in various SC walls of the
test model during the test. Considering that the 1/10 scale test model has a steel
faceplate slenderness ratio of 18, explain whether or not the buckling failures occurred in
the 1/10 scale test model are local buckling failures in the steel faceplates of the SC walls.
If so, this would not be consistent with the design criteria for slenderness ratio of 20 to
preclude local buckling; and therefore, the applicant is requested to justify the
conservatism of the selected design criteria.

ANSWER:

1. RAI 858-6126 question 03.08.03-45 discussed the experimental data obtained from local
buckling testing on SC walls. This data was obtained from tests by Sekimoto, et al, on SC
wall specimens with steel plate s/tp ratios of 50, 75, and 100. Data was also obtained
from tests by Usami, et al on specimens with steel plate s/tP ratios of 20, 30, 40 and 50,
and from tests by Kanchi, et al, (1996) and Miyauchi, et al, (1996) on SC wall specimens
with s/tp ratios of 20, 25, 30, 40, and 50. All of these tests were conducted by subjecting
SC wall specimens to axial compression loading.

Experimental data was also obtained from tests that were conducted on SC walls
subjected to thermal loading with full or complete restraint of the steel faceplates. These
tests were conducted on SC specimens with s/tp ratios of 12.4, 18, and 45. The plates
were heated until local buckling occurred due to the compression strains resulting from
the restraints to the steel faceplates. Specimens with s/tp ratio of 45 buckled after heating
with a AT of 100°C. Specimens with s/tp ratios of 12.4 and 18 did not buckle even after
heating with a AT of 3000C.

MHI is currently in the process of developing and benchmarking numerical models that
will be used for predicting the local buckling behavior of SC wall specimens in the test
database, including those specimens subjected to axial loading only and to thermal
loading (with restraints). MHI will then use the resultant benchmarked analytical models to
confirm the behavior of SC wall specimens with US-APWR specific s/tp ratios and tie bars
subjected to combined axial compression and thermal loading. Upon completion, results
of this analysis will be available for NRC review. These analyses will confirm applicability
of the selected slenderness ratio limit to both normal and accident thermal loading
conditions.

2. The specific paper on local buckling is written in Japanese and will be translated for NRC
review. MHI is preparing an electronic library of all of the test papers with proper
reference indexing and will provide it for NRC review upon completion. In the interim, the
response to RAI 858-6126 question 03.08.03-45 describes the referenced tests in more
detail.

3. As discussed in the response to Question 1 MHI is currently developing and
benchmarking numerical models that will be used for predicting the buckling behavior of
US-APWR SC walls subjected to axial loading and thermal loading. Upon completion,
results of this analysis will be available for NRC review. The benchmarked model will
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predict US-APWR SC wall behavior under compression: (a) without thermal effects, and
(b) with thermal effects. The simulation with thermal effects addresses question 1 and the
simulation without thermal effects answers this question (3). The study will be available
for NRC review upon completion.

4. The selected steel face plate slenderness ratio (s/tp) prevents face plate yielding before
local buckling. This is based on AISC 360 Specifications for design of steel columns,
where column sections with non-compact steel plates (flanges and webs) are selected to
ensure the plates undergo yielding in compression before the occurrence of local buckling.

The steel plates used in the 1/10th scale CIS test had a slenderness (s/tp) ratio of 18. As
such, they were also selected to be non-compact, i.e., to undergo yielding first and then
local buckling. The test results indicate that the steel plate walls undergo yielding first, and
then with increasing plastic strains undergo local buckling. MHI TR MUAP 10002-P (RO)
discusses this in detail. The consistent behavior exhibited by the 1/10th scale test and the
specimens described in part 1 of this response that had slenderness ratios less than or
equal to 20 demonstrates that this slenderness ratio limit is appropriate for use in the CIS
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:

TR MUAP-1 1013 will be changed to include the confirmatory analyses described in the
answer.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

5/16/2012

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 905-6311 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: 1/25/2012

QUESTION NO. RAI 03.08.03-68:

As indicated in the MHI Technical Report (TR) MUAP-1 101 9-P (RO), another potential SC
specific failure mode is interfacial shear failure of the connectors used to anchor the steel
faceplates to the concrete infill. Section 2.3 of the subject TR states that "... the limit state
associated with concrete pryout in shear for the groups of shear studs with spacing of 8
inches will be evaluated using ACI 349-06 Section D.6.3." The excerpt of the code is shown
in Figure 2.3-2 of the TR. However, the calculation which followed in the same section of the
TR for the design shear strength of the shear studs only considers the shear strength of the
shear stud steel material, not the effect of the concrete pryout in shear as stated in the TR.
The calculated design shear strength of the shear studs was then used to determine the
steel faceplate development length in Section 2.4 of the TR and the interfacial shear strength
of SC walls in Section 2.5.

Explain why the effect of the concrete pryout was not included in the calculations of the
design shear strength of the shear studs. Also explain how the effects due to spacing and
embedment depth of the shear studs, and the effects of concrete cracking are considered in
the design using ACI 349-06 Appendix D. If tensile forces perpendicular to the faceplate
occur (e.g., equipment attachment loads, local (in-plane shear) induced faceplate buckling,
concrete delamination/splitting forces which may occur between the ties), then explain how
these tensile loads acting on the studs are considered, including interaction effects between
the shear and tensile loads acting on the stud.

ANSWER:

Concrete pryout in shear is not an applicable limit state for the shear studs anchoring the
continuous steel faceplates of SC walls. This is based on the explanation of the concrete
pryout shear failure mode provided by Eligehausen et al. (2006), which is the basis of ACI
349-06 Appendix D Section 6.

Figure 03.08.03-68-1 taken from Eligehausen et al. (2006) shows the behavior of a short
steel baseplate anchored to concrete using shear studs and subjected to shear loading. The
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applied shear load (V) gives rise to bearing stresses in the concrete, which can crush or spall
with increasing stresses. The resultant force (VN) is not aligned with the applied shear (V)
and produces an eccentric moment. The steel baseplate rotates and losses contact with the
concrete on the side with shear loading. This exacerbates the eccentric moment, and
generates a compressive force C acting on the concrete and an equivalent tension force N in
the stud. The tension force in the stud can eventually cause a breakout failure originating
from the head of the stud and projecting behind the stud in a conical form. This failure mode
is referred to as concrete pryout in shear. As shown in Figure 03.08.03-68-2, this concrete
pryout in shear is applicable for steel baseplates anchored to concrete using one or more
shear studs. It is not applicable to the shear studs that anchor continuous steel faceplates to
the concrete infill of SC walls, since rotation of the plate is not free to occur as a result of the
applied shear. This is similar to the design for shear studs in composite steel beams, or
composite columns.

V IF M

N $ bC

Load-bearing mechanism of headed stud
anchorage subjected to shear loading (schematic)
(after Zhao (1993))

Figure 03.08.03-68-1 Concrete Pryout in Shear Failure Mechanism (Eligehausen et al. 2006,
p. 109)
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Typical failure body of a stud anchorage far
from an edge loaded in shear (after Zhao (1993))
Top: Photo (taken from above)
Bottom: Cross-section of failure body (schematic)

Typical failure body of a group of four headed
studs tar from an edge loaded in shear (after Efige-
hausen, Lehr (1993))
Top: Photo (taken from above)
Bottom: Cross-section of failure body (schematic)

Figure 03.08.03-68-2 Examples of Concrete Pryout In Shear Failures (Eligehausen et al.
2006, p. 110)

Stud spacing design is based on: (i) preventing local buckling of the steel plates, (ii) having
adequate development length, and (iii) preventing interfacial shear failure before out-of-plane
shear failure. These design bases are load or demand force independent, and associated
with section detailing to provide adequate composite action.

Studs are evaluated for load or demand force dependent shear forces and tensile forces
using ACI 349 App. D requirements. These checks will be instituted in the detailed design
phase. Specific attachment load design methodology is currently being developed and will be
made available for NRC review upon completion.

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.
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Impact on Technical Report:

TR MUAP-11019 will be changed to add the attachment load design methodology discussed
in the answer.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

5/16/2012

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 905-6311 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: 1/25/2012

QUESTION NO. RAI 03.08.03-69:

MHI Technical Report (TR) MUAP-1 1019-P (RO) indicates that splitting or delamination
failure of the composite section through the concrete infill is another potential SC specific
failure mode. The Design Philosophy and Executive Summary of the TR, page viii, states
that "... steel tie bars provide structural integrity to the SC section and prevent SC specific
delamination or splitting failure mode from occurring .... The area and spacing of the tie bars
are designed to meet the minimum shear reinforcement requirements." The staff notes that
there is no specific design criterion discussed in this report which demonstrates that these tie
bar sizes and spacing will prevent delamination or a splitting failure mode; therefore, explain
how the delamination or splitting failure mode can be prevented by providing adequate out-
of-plane shear strength. Also, identify what tests exist which provide additional justification to
show that delamination or splitting would not occur anywhere for the configuration that is the
same or similar to the US-APWR configuration.

ANSWER:
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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:
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TR MUAP-1 1019 will be changed to add the derivation of SC wall splitting failure resistance
described in the answer.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

5/16/2012

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 905-6311 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: 1/25/2012

QUESTION NO. RAI 03.08.03-70:

The Design Philosophy and Executive Summary of the MHI Technical Report (TR) MUAP-
11019-P (RO), page viii, states that "... the stud spacing and strength are further designed to
prevent interfacial shear failure as an SC specific limit state. This is done by designing the
interfacial shear strength (of the shear studs) to be always greater than the corresponding
out-of-plane shear strength of the SC section." To support the design philosophy, Section 2.5
compares the interfacial shear strength with the out-of-plane shear strength of the SC
section using the strengths per unit concrete area. To ensure that the design approach for
the SC members is acceptable, the following information is requested:

1. According to the TR, the interfacial shear strength of the SC section is governed by the
design shear strength of the shear studs, and the out-of-plane shear strength of the SC
section is governed by tie bar and concrete strengths. These two strength calculations are
based on different loads acting on different sections of the SC members (one being the
shear load acting on the studs and the other is the out-of-plane shear acting on the tie
bars and concrete). Therefore, explain how the comparison of these two different
strengths can prevent interfacial shear failure as an SC specific limit state.

2. As discussed in the second question of this RAI, the stud shear strength used in the
comparison did not consider the effect of the concrete pryout; therefore, the comparison
calculation may need to be revised based on the answer to question Q-2.

3. At the end of Section 2.5, the report indicates that the compliance of the design
philosophy (which is, preventing interfacial shear failure from occurring by designing the
interfacial shear strength of the shear studs to be always greater than the corresponding
out-of-plane shear strength of the SC section) must be checked for all SC walls and
locations. Therefore, the applicant is requested to provide the check for all of the CIS
critical sections, e.g., the connection regions where additional tie bars are used, as
discussed at the end of Section 2.6 on page 2-9.
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4. Explain whether the application of this design philosophy was verified by prior testing and
provide this information. If existing test data are not available, then explain how the
proposed additional confirmatory tests identified in Table A3-1 can demonstrate the
design philosophy to preclude interfacial shear strength failure.

ANSWER:

r
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2. As explained in the response to question 03.08.03-68, pryout failure is not applicable for
the continuous faceplates on the SC walls and no adjustment to the interfacial shear strength
calculation is therefore necessary.

3. Calculations have been performed for each of the SC cross sections in the US-APWR
CIS to confirm that Equation 03.08.03-70-4 has been satisfied. The revised tie bar design
consists of rectangular, flat plate tie bars, which permits use of the same tie bar size and
spacing throughout the interior regions and connection regions of each SC wall. Thus, a
single check of interfacial shear strength is performed for each SC cross section. Table
03.08.03-70-1 summarizes the results of these calculations. Interfacial shear strength
provided by the shear studs is adequate in all cases.

Table 03.08.03-70-1 Interfacial Shear Strength Evaluation for Each SC Sectionwhere:

T
tp

= overall cross-sectional thickness.
= face plate thickness
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dstud = diameter of shear studs used.
sstud = stud spacing in each direction (SL = ST). * indicates equivalent spacing that was
calculated to provide the number of studs tributary to each tie bar (nstuds) in walls where tie
bars interrupt stud spacing; Sstud equiv = (tie bar spacing) 2/nstuds
nstuds = number of studs tributary to each tie bar.
jT = arm length from centroid of compression stress block to centroid of tension face
plate.
Vu -op = Design out-of-plane shear (= Mp/2T).
Vno = Actual shear strength of combined concrete section and tie bars provided.
Qnreqd = Interfacial shear strength required per stud, per Equation 03.08.03-70-4.
Qn_act = Actual shear strength of provided studs per ACI 349-06 Equation D-18.

4. Varma et al. (2011) verified the behavior described above by testing two identical
specimens SP1 and SP2, where SP2 had larger shear connector spacing and was designed
to fail in interfacial shear. Table 03.08.03-70-2 includes the specimen details including the
beam dimension, steel plate properties, concrete properties, stud properties, and the
experimental results (shear strength).

In Table 03.08.03-70-2, L, bw, d, and a are the beam length, cross-section width, total depth,
and shear span length, respectively. ts, Fyp and f c are the steel plate thickness, yield stress,
and concrete compressive strength. ds, Fus, SL, and ST are the stud diameter, tensile strength,
longitudinal spacing and transverse spacing, respectively. Vtest is the out-of-plane shear
strength of the specimen in kips, and VACI is the out-of-plane shear strength calculated in
accordance with ACI code provisions (i.e., 2(f') 0 5bwd).

Table 03.08.03-70-2 Comparison of Two Specimens Tested by Varma et al. (2011)

Beam Steel Plate Conc. Stud
Specimen Dimensions Properties Properties Vtest Vtest

L b d a/d ts Fy f c ds SL ST Fu (kips) VACI
(in.) (in.) (Jin. in. (ksi) (ksi) (in.. [in.s(in.) (ksi)

SPI 120 12 18 3.2 0.25 65 6.1 0.5 6 6 70.9 46.7 1.39
SP2 120 12 18 3.2 0.25 65 6.1 0.5 9 12 70.9 29.9 0.89

As shown in Table 03.08.03-70-2, both specimens were 12 in. x 18 in. in cross-section with
two 0.25 in. thick steel plates on the top and bottom. The shear stud diameter was 0.5 in.
The measured yield stress of the steel plates was equal to 65 ksi, and the measured
concrete compressive strength was equal to 6.1 ksi. The measured tensile stress of the
shear stud was 70.9 ksi. The shear stud spacing for specimen SP1 was equal to 6 in. in both
longitudinal and transverse (SL and ST) directions. The shear stud spacing for specimen SP2
in the longitudinal direction (SL) was equal to 9 in., and the spacing in the transverse direction
(ST) was equal to 12 in.

Both specimens were tested by subjecting them to single point loading at the midspan with
shear span-to-depth (a/d) ratio equal to 3.2. Figure 03.08.03-70-3 includes the experimental
results for Specimens SP1 and SP2. It shows the normalized shear force (VtestNACI) vs. the
mid-span displacement.

As shown, Specimen SP1 failed due to out-of-plane shear with shear strength (Vo = Vtest)
equal to 2.77(f'c° 5)bd or 46.7 kips. Specimen SP2 was more flexible and failed before the
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out-of-plane shear strength due to the lack of adequate composite action and interfacial slip
leading to eventual failure. Specimen SP2 failed due to interfacial shear (fracture failure of
studs) with shear strength (Vtest = Vno) equal to 1.77(fc)f bwd or 29.9 kips.

1.75

1.50

1.25

LOD

> 0.75

0.50

0.25

0

... SPI

--- SP2

- - SP3
-SP4

_Vc (ACI)

0 0.2 0.4 0.6 0.8 I
Mid-Spn Dhp•ce•ent (in)

1.2 1.4

Figure 03.08.03-70-3 Comparison of Midspan Load-Displacement Responses for SP1 and
SP2.

Using Equation 03.08.03-70-4:

The required Q, for the shear studs for SP1 was equal to 46.7 x 62/(12x0.875x1 8) = 9 kips.
The required Qn for the shear studs for SP2 was equal to 29 x (9x12)/(12x0.875x18) = 16.6
kips.

The provided Q, for both specimens is calculated using ACI 349 App. D provisions as the
area of shear stud multiplied by the tensile strength, i.e., R x 0.52/4 x 70.9 = 13.9 kips.
Therefore, as expected specimen SP2 failed in interfacial shear.

58.8 k x 117 in./4
= 1720 kip-in.

Assume jT=0.875 x 18 in. = 15.75 in.
~----p 1720/15.75 in.

=109 kips
>>14 x 6 = 84 kips

Figure 03.08.03-70-4 Specimen SP2 Bottom Steel Plate Equilibrium with Shear Studs

Additionally, Figure 03.08.03-70-4 shows the free body diagram for the bottom (tension) steel
plate of specimen SP2. As shown, the moment (M) is calculated as the applied force (58.8k)
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multiplied by the length (L=117 in.) divided by four. The calculated moment (M) is equal to
1720 kip-in. The tension force in the bottom plate is estimated as 1720 kip-in. divided by the
effective arm length (OT = 0.875 x 18 in.).

The effective arm length is estimated as 0.875 times the total section depth (18 in.) based on
recommendations of JEAG 4618-05 for calculating moment capacity. Although a more
accurate calculation can be performed using section moment-curvature analysis it is
unnecessary for this purpose. As shown in Figure 03.08.03-70-4, the tension force in the
bottom steel plate is 109 kips, and the available shear strength (Qn) from the studs is less
than or equal to 13.9 kips x 6 = 83.4 kips. Specimen SP2 failed by interfacial shear failure
due to inadequate shear stud spacing.

In conclusion, these tests demonstrate the US-APWR design philosophy of detailing the
shear studs to prevent interfacial shear failure from being the governing failure mode under
out-of-plane loading. When sufficient shear stud strength is provided in accordance with
Equation 03.08.03-70-4, the SC section fails in out-of-plane shear as observed with
specimen SP1, while inadequate shear stud strength results in interfacial shear failure as
observed with specimen SP2.

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

5116/2012

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 905-6311 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: 1/25/2012

QUESTION NO. RAI 03.08.03-71:

The Design Philosophy and Executive Summary of the MHI Technical Report (TR) MUAP-
11019-P (RO), page viii, indicates that tie bars consist of two half-length pieces that are stud
welded to the opposite steel faceplates, and the two half-length pieces are spliced in the
center using a mechanical coupler. If the two half-length pieces of a tie bar will be welded to
the opposite steel plates first, then spliced using a mechanical coupler, identify what
tolerances need to be specified for the offset of the two half-length pieces of a tie bar.
Explain how stresses in a tie bar due to the offset are evaluated and included in the design
calculations. Since the tie bars will hold the two faceplates during the concrete pour, explain
how the stresses in the tie bars and the faceplates due to the wet concrete are considered in
the design of these structural elements. Explain how the assumption of the maximum wet
concrete height that would be used to calculate additional stresses in the structural elements
is ensured during the actual construction.

ANSWER:

As presented in the March 12, 2012 meeting with the NRC, the tie bar arrangement identified
in TR MUAP-11019 is no longer planned for use in the US-APWR due to tight spacing
requirements in connection regions. As a result the tolerance issues raised in this question
are no longer applicable.
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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.
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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:

Technical Report MUAP-1 1019 will be changed as described in the answer.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

511612012

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 905-6311 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: 1/25/2012

QUESTION NO. RAI 03.08.03-72:

As discussed in DCD Sections 3.8.3 and 6.2, stainless steel material will be used on the wall
of the refueling water storage pit (RWSP) to prevent corrosion from occurring. Describe the
details of the stainless steel material (e.g., will stainless steel (SS) faceplates be used instead
of carbon steel faceplates or will SS cladding on the carbon steel faceplate be used? Will
studs/tie bars be SS? What are the thicknesses and material types etc.?). If stainless steel is
combined with carbon steel, explain how the different material properties are considered in
the analysis models and design.

ANSWER:

L
]]The stainless layer is bonded to the carbon steel using the hot roll bonding

process, which creates a metallurgical bond between the layers via heating and deformation
during rolling. Welds between adjacent modules are accomplished by first performing full-
penetration welds between the carbon steel faceplates using carbon steel electrodes, and
then welding the cladding with stainless welding electrodes and filler metals.

The studs and tie bars in the SC walls are carbon steel in all cases, and are welded only to
the carbon steel faceplates.

The stainless steel cladding is considered to be nonstructural in the design of the SC
modules. The cladding serves a corrosion protection purpose only, and is not required for
resistance of structural loads. In terms of analysis, the stainless steel layer is not considered
in the calculation of wall stiffness given the uncertain reliability of the bond between the
cladding and the structural steel under extreme loading conditions. C

:] the resulting increase in stiffness would be considered sufficiently accounted for in
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the +/-15% peak broadening performed on the input seismic response spectra, which is
intended to account for variability in structural properties. The table below summarizes the
increa• in stiffness associated with fully composite response of the stainless steel cladding,
for thel ] Note that the
calculations conservatively assume stainless steel properties equal to those of carbon steel,
including modulus of elasticity = 29,000 ksi. Actual modulus of elasticity for A240 stainless
steel is 28,000 ksi, such that the increase in flexural stiffness due to cladding given in the
table below is slightly larger than actual.

Table 03.08.03-72-1 Comparison of Stiffness Values With and Without Stainless Cladding

In the table above it is seen that the in-plane shear stiffness increase associated with perfect
composite response of the cladding is between 2% and 6%. It is noted that in-plane stiffness
is the more critical stiffness term for the dynamic response of a shear wall structure such as
the US-APWR CIS. The less influential flexural stiffness increases between 3% and 16%
depending on whether the cladding is on the tension or compression face. This results in an
average stiffness increase of less than 10%. This is considered acceptable since peak
broadening of +/-15% is applied to the input response spectra to capture stiffness variations
of up to 25%.

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:

Discussion of the impact of stainless steel cladding on SC wall stiffness will be added to TR
MUAP-11018.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

5/16/2012

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 905-6311 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: 1/25/2012

QUESTION NO. RAI 03.08.03-73:

Section 2.6 of the MHI Technical Report MUAP-1 1019-P (RO) discusses tie bar spacing and
size. On the top of page 2-9, it states that "the maximum spacing requirement for tie bars is
based on ACI 349-06 Section 11.5.5," which requires that spacing of shear reinforcement
placed perpendicular to axis of member shall not exceed d/2 in nonprestressed members (d is
the effective depth of a flexural member). The section on page 2-9 also states that "Typical
SC modules include ... A496 deformed wire with ... orthogonal spacing grid of 24 in x 24 in."
Explain what orthogonal spacing grid will be used for tie bars in the various SC wall
thicknesses, including those less than 48 inches in thickness where the spacing would need
to be smaller.

ANSWER:

Table 03.08.03-73-1 below identifies the tie bar spacing to be used for each of the various
SC cross sections utilized in the US-APVVR. This information is also provided in Table 2 of
the response to RAI 858-6126 question 03.08.03-45. [1
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Table 03.08.03-73-1 Tie Bar Spacing for US-APWR SC Cross Sections

Figure 03.08.03-73-1 Revised Tie Bar Detail, for Typical 48"-thick SC Walls with ½"-thick
Faceplates

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

5/16/2012

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 905-6311 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: 1/25/2012

QUESTION NO. RAI 03.08.03-74:

Section 2.8 of the MHI Technical Report MUAP-1 1019-P (RO) discusses SC faceplate
penetration detailing. It indicated that, similar to the reinforced concrete (RC) application, an
additional cover plate with thickness and width equal to that of the plate interrupted by the
penetration is provided on all sides of the penetration. However, unlike the RC walls where
the integrity of the structure is achieved through bond between concrete and steel
reinforcement, the integrity of the SC walls relies on anchor studs, tie bars and welds.
Therefore, explain whether additional studs and tie bars are added to the sides of the
penetration and how are the size and spacing for these studs and tie bars determined. Also,
provide representative penetration details including, thickened faceplate dimensions,
penetration sleeves and associate anchors, faceplate studs, tie bars, welds (locations, types
and sizes), how these elements are sized, and how local thermal effects due to hot piping are
considered.

ANSWER:

Development of SC wall penetration detailing is underway but is not yet complete. The basic
approach for SC wall penetration design is as follows:

(1) Stud spacing is calculated to develop composite action within a distance of wall

thickness (T).

(2) Tie bars are provided to develop SC wall section flexural strength.

(3) Penetrations are sealed within the wall cross-section to prevent concrete spalling.

Design details for SC wall penetrations will be made available for NRC review upon
completion. The penetration design methodology will be added to TR MUAP-1 1019.
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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:

Technical Report MUAP-1 1019 will be changed as described in the answer.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

511612012

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 905-6311 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: 1125/2012

QUESTION NO. RAI 03.08.03-75:

Section 4.3 of the MHI Technical Report MUAP-1 1019-P (RO) discusses additional
considerations for SC compressive strength. It states that, "For the end restraint conditions
encountered by most of the SC walls in the CIS, an effective length factor of k = 0.7 (fixed-
pinned) may be used" (to consider slenderness effects). It also states that "This factor is
reasonable and conservative for all of the walls below the operating deck, as they are
bounded by the basemat and the major elevated floor slabs." Since ACI 349-06 indicates that
k = 1 should be used unless analysis shows that a lower value is justified, the applicant is
requested to (1) revise the wording "may be used" and provide a definitive value and (2)
perform an analysis in accordance with ACI 349 Section 10.12.1 which demonstrates that k =
0.7 is appropriate for all walls. Note that for linear elastic members such as steel columns (i.e.,
not concrete walls that may have reduced moment of inertia due to cracking) and for no
sidesway motion, k = 0.7 is considered a theoretical value for ideal conditions; it is not
necessarily a recommended design value.

ANSWER:

The maximum unbraced lengths to permit ignoring slenderness effects have been
recalculated for each of the SC wall cross sections in the US-APWR CIS using k = 1, in
accordance with ACI 349-06 sections 10.12.1 and 10.12.2. The results of these calculations
are presented in Table 03.08.03-75-1 below, along with the original values presented in
Table 4.3-1, which were based on k = 0.7.
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Table 03.08.03-75-1 Maximum Unbraced Lengths for Ignoring Slenderness, per ACI 349-06
10.12.2

The revised maximum unbraced lengths are once again compared to the actual unbraced
lengths reported in TR MUAP-1 1019 Table 4.3-2 and repeated below in Table 03.08.03-75-
2:

Table 03.08.03-75-2 Unbraced Lengths of SC Walls in the US-APWR CIS

This shows that the only wall section with maximum unbraced length calculated with k = 1)
that is less than the smallest unbraced length in the CIS is the section L

-' As explained in Section 4.3 of MUAP-1 1019, the pressurizer compartment
walls are connected to one another in a relatively narrow box configuration, such that each
wall is fully braced along its height by the adjacent walls and may therefore be considered as
non-slender when calculating wall demands and capacities.
Slenderness of the overall pressurizer cross section itself has also been assessed, treating
the rectangular tube section as a cantilever with k = 2.0 and conservatively using[:

]lhe kL/r value calculated in this manner is equal to 15.7. Since the slenderness ratio
is less than 22, ACI 349-06 Equation 10-7 indicates slenderness effects need not be
addressed in the design of the pressurizer compartment as a compression member. It is
acknowledged that fixity at the base of the pressurizer is not perfect in the actual structure,
such that the actual effective length factor k may be higher than 2. However, k could be as
high as 2.8 with the considered pressurizer geometry for kL/r to remain less than 22. C

J this margin for
potential base flexibility is deemed adequate and slenderness of the pressurizer
compartment is ignored.

Impact on DCD

3.8.3-33



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:

MUAP-1 1019 Section 4.3 will be revised to reflect maximum unbraced lengths based on k =
1.0, as described in the answer.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

5/16/2012

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 905-6311 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: 1/25/2012

QUESTION NO. RAI 03.08.03-76:

Section 5.3.2 of the MHl Technical Report MUAP-1 1019-P (RO) discusses uniaxial moment
capacity for SC sections considering compression reinforcement. As indicated, the moment
capacity considering compression reinforcement is determined based upon yielding of the
tension faceplate and elastic property of concrete (i.e., a linear relationship between stress
and strain for concrete). In Section 5.3.3, for various SC walls, the moment capacities
considering compression reinforcement are compared with the moment capacities without
considering compression reinforcement. As shown in Section 5.3.1, the moment capacity
without considering compression reinforcement is determined based upon plastic property of
concrete. Explain why the moment capacity considering compression reinforcement in
Section 5.3.2 is determined based upon elastic property of concrete, not plastic property of
concrete as used for the moment capacity without considering compression reinforcement in
Section 5.3. 1. Explain why the moment capacities for these two cases can be based on
different stress strain relationships of the concrete.

ANSWER:

ACI 349-06 Section 10.2.6 permits the use of any compressive stress-strain relationship in
the design for flexure, so long as that shape results in prediction of strength in substantial
agreement with tests. The rectangular stress distribution assumed for design of the SC walls
(i.e., neglecting compression reinforcement) is based on the requirements given in Section
10.2.7 for a rectangular distribution to adequately predict flexural strength. Figure 5.4-1 of
MUAP-1 1019 illustrates that this assumption results in a slightly conservative prediction of
flexural strength observed in SC flexure tests.

The triangular concrete stress distribution was considered when calculating flexural strength
including compression reinforcement because tension-compression force equilibrium can not
be achieved if the concrete strain is assumed to be 0.003 (as is assumed with the standard
rectangular stress block). For strain compatibility between the concrete and the compression
steel, an extreme fiber concrete strain of 0.003 would imply full yielding of the compression
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steel. Since the compression steel has the same area as the tension steel, the sum of the
compressive forces in the concrete and compression steel would exceed the tension force in
the tension steel, resulting in overall force imbalance in the section. Therefore a linear stress
distribution was assumed as shown in Figure 5.3-1, corresponding to the linear strain
distribution based on yielding of the tension steel. This is reasonable for the purpose of
comparing the resulting capacity to that obtained with the more conventional rectangular
stress distribution that was applied to the SC design. The resulting difference in capacities
was found to be less than 5% for the majority of the walls in the CIS. This is consistent with
results observed for reinforced concrete beam tests, which indicated flexural strength gains
of less than 5% -when compression reinforcement was added to specimens with tension
reinforcement ratios less than or equal to 1.5% (corresponding to total reinforcement ratio for
SC walls of 3%)1. This is illustrated in Figure 03.08.03-76-1 below.
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Figure 03.08.03-76-1 Increase in Moment Capacity Due to Compression Reinforcement.'

Also, section moment-curvature (M-ý) analysis of an SC section (with 2% total reinforcement
ratio) using real stress-strain curves for the steel and concrete indicates that the bottom
(tension) steel plate yields while the concrete in compression (and the steel in compression)
are in the elastic range. The linear stress block for concrete is more appropriate based on
this analysis.

MacGregor, J.G. "Reinforced Concrete Mechanics and Design" pp. 158, 3 Id Edition, 1997.
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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.
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Impact on Technical Report:

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

5/16/2012
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Docket No. 52-021

RAI NO.: NO. 905-6311 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: 1/25/2012

QUESTION NO. RAI 03.08.03-77:

Section 6.0 of the MHI Technical Report (TR) MUAP-1 1019-P (RO) discusses the
development of design equations for the out-of-plane shear strength of SC walls. The
concrete contribution (Vc) to the shear strength of a structural member depends on the
direction (tension or compression) of the axial load applied to the member, as shown in the
ACI code for RC structures and by the recommended corresponding equations for SC walls.
To ensure the design for out-of-plane shear strength for SC members is acceptable, the
following information is needed:

1. For equation 6.2-3 presented in Section 6.2 for SC members subjected to axial tension
load, a note similar to the one given in ACI 349-06 Section 11.3.2.3 should be added, i.e.,
"but not less than zero, where Nu is negative for tension."

2. Section 6.4 of the report states that "as mentioned in ACI 349-06 Section 11.3.1.3, in the
presence of significant axial tension, the out of plane shear strength can be calculated by
considering the contribution of the shear reinforcement (Vs) alone and neglecting the
contribution (Vc) of the concrete." Clarify what is meant by the phrase "can be calculated," i.e.,
explain what approach is used in the design of the out of plane shear strength for all of the
APWR SC walls when tension loads exist. Explain whether Vc is always conservatively
neglected for all out-of-plane shear strength calculations, or is equation 6.2-3 sometimes used
to consider the effect of the magnitude of the axial tension force. If it is the latter, then confirm
that both plus and minus member forces due to seismic loadings are considered which would
eliminate or diminish the benefit of using Equation 6.2-3

3. If any of the three equations 6.2-1, 6.2-2, and/or 6.2-3 will be used to include the shear
strength from the concrete infill, then explain why reducing the factor from 2.0 to 1.5 for Vc is
adequate. Based on Figure 6.2-1 of the TR, the use of the 1.5 factor does not result in a lower
bound to the data points for shear strength provided by concrete for sections corresponding to
36 inches or more (which match the SC section thicknesses).

4. In addition to Section 6.4 discussed above, there are several other locations in the TR
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where the phrase "can be estimated," "can be used," "can be calculated," or "may be used"
are utilized. As example, p 2-4 of the TR states that "The maximum axial compressive
strength of the US-APWR SC modules can be estimated according to ACI Equation 10-2
shown in Figure 2.2-2. To avoid confusion, the wording should be revised to state definitively
whether this approach or equation(s) are used or only sometimes used because the phrases
indicate "can be..." or "may be..."

'ANSWER:

1. An additional sentence has been provided in MUAP-11019 below Equation 6.2-3, as
follows:

"In Equations 6.2-2 and 6.2-3, N, is positive for axial compression and negative for axial
tension, and the quantity NuIAg is expressed in units of pounds per square inch. Vc
computed in accordance with Equation 6.2-3 shall not be taken less than zero."

2. The phrase "can be calculated" in the first sentence of Section 6.4 has been replaced with
"is calculated." Furthermore the second paragraph in this section has been reworded to
clarify the intended approach, as follows:

"The design of the SC walls in the US-APWR CIS for seismic demands neglects the concrete
out-of-plane shear strength contribution as described above. This is because the seismic
force demands are calculated using the square-root-sum-of-the-squares (SRSS) method for
combining the three spatial components, which eliminates the sign of all element forces
including the axial force. To cover both possible directions of axial loading, two versions of
each seismic load combination are considered (one with positive seismic and one with
negative seismic). The design case involving positive seismic loading, which results in
tensile axial forces in the wall elements, governs the design for out-of-plane shear because it
significantly reduces or eliminates the concrete shear strength contribution."

3. We are performing a reliability analysis using the out-of-plane shear strength data for RC
beams without shear reinforcement and depths greater than 20 in. The data set is isolated,
and the reliability index (P3) is set equal to 4.0. The reliability analysis is conducted according
to MacGregor et al. (1997), which was also the process used to develop the ACI code
equations. The results from the reliability analysis will be made available for NRC review
when they are completed.
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Figure 03.08.03-77-1 Reinforced Concrete Out-of-Plane Shear Strength Database

4. The phrases "can be" and "may be" have been revised to "is" throughout the report.
Please understand that the former language was used to indicate that the ACI equations
provide an estimate of SC strength, but we understand that it could be misinterpreted as
indeterminate language.

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:

TR MUAP-1 1019 will be revised as described in parts 2 and 4 of this response and an
appendix will be added that contains the reliability analysis described in part 3.
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APPLICATION SECTION: 3.8.3

DATE OF RAI ISSUE: 1/25/2012

QUESTION NO. RAI 03.08.03-78:

Section 8.2 of the MHI Technical Report MUAP-11019-P (RO) discusses design equations
for combined axial tension, flexure, and in-plane shear. Section 8.3 of the report discusses
design equations for combined axial compression, flexure, and in-plane shear. To ensure
that the equations are acceptable for use in the design of the SC members, provide the
information requested below.
1. For seismic force demand calculations, explain whether the SRSS directional combination

method is used (not the 100-40-40 combination method) and whether the combination
method used is consistent with RG 1.92, Rev. 2.

2. Considering that the sign of all seismic forces is eliminated when using the SRSS
combination method, explain whether both sets of equations, for combined axial tension
and axial compression with flexure and in-plane shear, will be used when evaluating the
design for seismic force demands calculated using the SRSS combination method.

3. The equations in Section 8.3, which consider both axial compression and flexure, are
developed based upon yielding of faceplates in tension. Considering that the faceplates in
tension may not yield when the compression force applied to the member is large enough,
explain how the cases with non-yielding faceplates in tension which consider axial force
and bending moment interaction(comparable to column P-M interaction diagram) are not
evaluated.

4. Unlike reinforced concrete sections with distinct areas of steel in the x and y directions,
the SC members have a single faceplate on each face. Therefore, explain why equations

available required8.2-4 and 8.3-4 check whether Ax is greater than Ar separately from the
Aavailable requiredTh
y versus Ay . This approach is in effect double counting the provided steel in

both directions. The faceplates are actually subject to plane stresses in two directions
simultaneously, which the present design equations do not consider.
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ANSWER:

1. The seismic force demands are calculated using the SRSS method for combining the
three directional responses, in accordance with Section 2.1 of RG 1.92 Revision 2. The 100-
40-40 method is not used.

2. As explained above in the response to question 03.08.03-77, all load combinations
involving seismic loading (E,,) are considered twice for the design; once with positive seismic
and once with negative seismic.

3. MHI is currently developing the methodology that will be used to evaluate SC wall sections
subjected to axial compression large enough to prevent tension yielding of the steel
faceplates when subjected to bending moment M. Upon completion, this methodology will
be made available for NRC review.

4. SC walls are reinforced with steel faceplates. These steel plates extend in both directions
and replace orthogonal grids of rebar in RC walls. Since the steel plates are a continuum 2D
structure, they resist stresses in orthogonal (x- and y-) directions.

The design philosophy presented for combined force design in Chapter 8 of TR MUAP-
11019 limits the contributions of the steel plates to tensile stresses only. Thus, during the
design process, the steel plates are subjected to biaxial tensile stress combinations only. In
the design process, the Rankine criterion is conservatively used for the design of the steel
plates, i.e., the plate can independently develop tension yielding in both orthogonal directions.
This is also identical to the Mohr-Coulomb yield criterion when evaluating biaxial tensile
stresses. This is also more conservative than the Von Mises yield criterion that is typically
used for steel material.

X

Rankine and
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Figure 03.08.03-78-1 Rankine Failure Criterion.

Impact on DCD
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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:

TR MUAP-1 1019 will be changed to include the criteria under development for high
compression loading as discussed in the answer.
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US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021
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or Concrete Containments

APPLICATION SECTION: 3.8.3

DATE OF RAI ISSUE: 1/25/2012

QUESTION NO. RAI 03.08.03-79:

Explain/clarify the inconsistencies or typos in the MHI Technical Report MUAP-1 1019-P (RO)
listed below.

1. Tests summarized in Table 2.2-1, on page 2-2, shows that steel plates are 6 mm with yield
strength of 403 MPa, while page 2-4 shows values of 4.5 mm and 240 MPa.
2. Page 2-9, equation 2.6-1, shows "0.39 ... >= 0.41" should be revised to "0.39 ... and >=
0.41"
3. Page 6-4, third paragraph, the phrase "According to Section 11.5.6.2 of ACI 349..." should
read "According to Section 11.5.7.2 of ACl 349 ... "
4. Page 7-2, third paragraph, fourth line down, the phrase "... steel plate uniaxial tension
strength ... " should read as "... steel plate uniaxial shear strength ... "
5. Page 8-5, "Nx = ... =0", "=0" should be deleted, since this is a case with compression force,
N,.

ANSWER:

1. The referenced tests actually used specimens with 3.2mm, 4.5mm, and 6mm plate
thicknesses, as well as yield strengths varying from 240 MPa to 403 MPa.

In MUAP-1 1019, we first discussed the behavior of specimens with 6 mm thick steel
faceplates, and then stated that this behavior was representative. The results were similar for
4.5 mm thick steel plates with yield stress equal to 240 MPa, which were not included in the
MUAP-1 1019 document. All local buckling results have now been included in the RAI 858-
6126 Question 03.08.03-45 response.

2. The word "and" has been inserted in Equation 2.6-1 as suggested.

3. The subject ACI reference has been corrected as suggested.
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4. The phrase "uniaxial tension strength" has been replaced with "yield strength".

5. "= 0" has been removed from the equations in both Figures 8.2-1 and 8.3-1.

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:

TR MUAP-1 1019 will incorporate the corrections described in the answer.

3.8.3-46



RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

5/16/2012

US-APWR Design Certification

Mitsubishi Heavy Industries

Docket No. 52-021

RAI NO.: NO. 905-6311 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: 1/25/2012

QUESTION NO. RAI 03.08.03-80:

Section 2.3.2 of MHI Technical Report MUAP-10002-P (RO), subsection (4) on page 2-19,
compares the theoretical ultimate strengths (bending and shear) with the experimental test
results for the 1 /1 oth scale test model. To understand the comparisons being made and the
results obtained, the staff requests that the applicant provide the following additional
information:

1. Explain how the calculation methods, used for the theoretical ultimate strengths presented
in this subsection of the report, compare with the methods used for the U.S. APWR CIS SC
structure design.

2. The test results of the 1 /1 oth scale test, such as those presented on page 2-11 of the report,
indicated that buckling failures occurred in various SC walls of the test model during the test.
Explain how the buckling failures affect the ultimate strengths of the test model. Also, explain
whether the effects of the buckling failures were taken into account in the calculations for SC
wall ultimate strengths for the test model.

3. Page 2-19 of the report indicates that the horizontal force corresponding to the theoretical
ultimate bending strength of the test model overestimates the value from the test by a factor
of 1.77. Explain why the calculated ultimate bending strength of the test model overestimates
the value from the test by this margin.

4. Page 2-20 of the report states that "The pressurizer chamber wall experienced
considerable damage. Its (calculated strength - measured maximum horizontal force) ratio
was between 1.41 and 1.45, indicating poor correspondence. The likely reason is as
follows..." However, the sentences/paragraphs in the report following the above quoted
sentences are not clear to the staff on what the possible reason is. Therefore, explain why the
calculated strength of the pressurizer chamber wall is more than 40% higher than the
measured maximum horizontal force. Explain whether the effect of buckling plays a role in the
poor correspondence, since page 2-11 of the report indicates that buckling occurred in the
pressurizer chamber wall and was at an advanced stage before the maximum load was
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reached.

5. Page 2-20 of the report states that "These findings indicate that the test model's strength
was determined by its shear strength..." Clarify whether the "shear strength" means in-plane
shear strength, out-of-plane shear strength, or both. If the shear strength contribution
included the out-of-plane shear strength, then describe how this was calculated and provide
the calculated contributions of the out-of-plane and the in-plane shear strengths.

ANSWER:

MHI Technical Report MUAP-1 0002-P (RO) focuses on experimental evaluation of SC
module behavior observed in the 1 /1 0 th scale test. The report was intended to demonstrate
understanding of the overall response of a containment internal structure (CIS) constructed
with SC walls to lateral seismic loading, and to compare it with the behavior of a reinforced
concrete CIS. The analysis models and calculations presented in this report are based on
simplified methods and cannot be directly applied to evaluation of the ACI 349-06 based
design approaches described in MUAP-11019.

1. The methods used to calculate the theoretical ultimate strengths ('u) presented in Section
2.3.2 of MHI Technical Report MUAP-1 0002-P (RO) are unrelated to the methods used in the
US-APWR CIS SC structure design. They cannot be compared with the ACI 349-06 based
in-plane shear strength design equations presented in Section 7.3.1 of Technical Report
MUAP-1 1019.

2. Section 2.3.1 of MHI Technical Report MUAP-1 0002-P (RO) presents the experimental
behavior of the 1 /1 0 th scale structure including the progression of cracking, yielding, local
buckling, and fracture leading to failure. As discussed on page 2-11, point numbers 6-8:

The local buckling failure does not affect the ultimate strengths of the test model because the
steel plates develop their full yield strength before local buckling. These local buckling
failures were not taken into account in the calculations for the SC wall ultimate strength.
However, as explained above in the response to part 1, the calculated ultimate strengths are
neither related nor comparable to the ACI 349-06 based in-plane shear strength design
equations presented in Section 7.3.1 of Technical Report MUAP-1 1019.
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3. The calculated ultimate bending strength of the test model overestimates the value from
the 1 /1 Oth scale test because the test structure behavior and failure is governed by its shear
strength not its bending strength.

As shown in Table 2.3-2, shear deformations contribute more than 87% of the total deflection,
whereas bending or flexure deformations contribute less than 13% of the total deflection. The
lateral load behavior of the 1 /1 Oth scale structure was dominated by shear behavior rather
than bending or flexure behavior.

Page 2-19 of the report estimated the bending strength of the structure by considering the
entire 1 /1 Oth scale structure cross-section as a reinforced concrete member cross-section,
which is an oversimplification for ease of calculation purposes. Since the 1 /1 Oth scale
structure behavior was shear dominated (rather than flexure dominated) it failed in shear
much (1/1.77 times) before the flexural moment capacity was reached, which explains the
1.77 factor.

4. The pressurizer compartment was taller than all other compartments in the structure. It
was also relatively slender having a smaller overall cross-section as compared to the other
compartments in the structure. As a result, the pressurizer compartment behavior was
governed by flexural - shear interaction rather than shear behavior alone.

The calculated strength of the pressurizer chamber walls was based on its shear strength
alone, as shown in Figure 2.3-2 on page 2-19 of MUAP-1 0002-P (RO). This calculated shear
strength did not account for the flexural-shear interaction behavior due to slenderness
(height) of the pressurizer. As a result, the calculated strength is overestimated by
approximately 40%.

Local buckling does not play a role in the poor correspondence. The pressurizer steel plates
were still non-compact (refer to response to part 3 above), and they underwent yielding
before local buckling.

5. Shear strength here only refers to in-plane shear strength. Out-of-plane shear strength
was neither considered nor included in the shear strength calculations.

Additional Discussion to Clarify Responses:

MHI Technical Report MUAP-10002-P (RO) focuses on the experimental results and
behavior observations from the cyclic lateral loading test of a 1 /1 Oth scale model of a
containment internal structure (CIS) made using SC walls. Section 2.2 provides a detailed
description of the 1 /1 Oth scale test structure including model specimen, setup, and loading
protocol. Section 2.3.1 provides detailed description of the experimental behavior including
concrete cracking, steel yielding, inelastic behavior, and eventual failure of the structure.

Section 2.3.2 provides comparisons and discussion of the experimental behavior and results
with: (a) a rudimentary elastic finite element model, and (b) an equivalent beam element
model of the 1/1 Oth scale test structure.

a. As explained in Section 2.3.2, (page 2-16, footnote *11), the SC walls of the 1 /1 Oth
scale test structure were modeled using 3D shell finite elements with layers of steel
and concrete materials. However, these elements are limited to linear elastic material
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behavior with no cracking of the concrete, or yielding or buckling of the steel. Since
the finite element model is linear elastic, it cannot account for the sequence of
plastification and inelastic behavior of the overall structure. It is important to note
these limitations of the finite element model, which have repercussions on the
comparisons with experimental results.

b. As explained in Section 2.3.2, (page 2-16, footnote *2), the entire 1/1 0th scale test
structure was modeled using a beam element with both flexure and shear stiffness
properties. The shear stiffness properties were very important because the shear
deformations contributed about 87.8 - 88.9% of the total displacement. However, it is
important to note that the beam element model is even more rudimentary as
compared to the finite element model, and it does not account for the effects of
concrete cracking, steel yielding or buckling, or the various complexities of 3D
geometry. These limitations of the beam element model have repercussions on the
comparisons with experimental results, and limit their generalizations and
applicability.

It is important to note that Technical Report MUAP-10002-P (RO) focuses on the
experimental behavior. The models presented in Section 2.3.2 are rudimentary models that
were developed several years ago using simple approaches and several approximations and
limitations as described above. These models cannot be used for general evaluations of SC
wall behavior, particularly for evaluation of the ACI 349-06 based design approaches in
Technical Report MUAP-11019.

Due to these reasons, MHI Technical Report MUAP-1 1013 proposed the development of a
detailed 3D nonlinear inelastic finite element (NIFE) model for predicting the behavior of the
1/10th scale CIS test structure. This work has been completed, and is available for NRC
audit. The summary and conclusions from the NIFE model development and analyses in
support of the US-APWR CIS design are as follows:

* The steel plates and concrete infill were modeled individually using shell elements for
the steel and solid elements for the concrete.

* The shear connectors between the steel plates and concrete infill were modeled
using spring elements, and then demonstrated to have no significant influence on the
overall behavior.

* The concrete infill was modeled using the smeared cracking approach with fracture
energy based post-cracking behavior in tension. The cyclic inelastic behavior in
compression and tension was also modeled using damage models.

* The steel behavior was modeled with plasticity models and damage models to
include final fracture after local buckling.

* The model was analyzed for monotonic loading, and also for cyclic lateral loading
with the same loading history as the test specimen.

* Figure 03.08.03-80-1 shows an overview of the complete 1/10th scale structure
modeled using detailed 3D finite elements. Figure 03.08.03-80-2 shows the model
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parts including the concrete infill and basemat, steel plates, tie bars, and the
concrete loading slabs. Figures 03.08.03-80-3 and 03.08.03-80-4 show the overall
monotonic behavior predicted by the NIFE model. Figure 03.08.03-80-3 shows the
deformed shape of the structure in the lateral direction.

Figure 03.08.03-80-4 shows comparisons of experimentally measured and analytically
predicted total base shear vs. lateral displacement of the 1/10th scale structure. As shown,
the model predicts the lateral load-displacement behavior of the overall structure with
reasonable accuracy. The monotonic NIFE model did not include an explicit steel
damage model. Therefore, the analytically predicted load-displacement response was
dotted (i.e., symbols only) after the steel plate strain exceeded 5%, which was considered
the limit for monotonic analysis of a cyclically loaded structure.

Figure 03.08.03-80-5 shows comparisons of the experimentally measured and
analytically predicted cyclic base shear vs. top slab displacement response of the 1/1 0th
scale structure. As shown, the model predicts the lateral load-displacement response
with reasonable accuracy. It accounts for various complexities of behavior (material and
geometric), and predicts the stiffness, strength, and ductility of the structure with
reasonable accuracy.
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Figure 03.08.03-80-1 Overview of Test Specimen

Figure 03.08.03-80-2 Model Parts: Concrete Infill, RC Loading Slabs, Steel Plates, and Tie
Bars
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I\
Figure 03.08.03-80-3 Deformed Shape in the Load Direction

/

K J
Figure 03.08.03-80-4 Comparison of Load Displacement Response for Monotonic Models
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Figure 03.08.03-80-5 Comparison of Experimental Results with Cyclic Response Using NIFE
Model

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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