
DPO Case File for DPO-2012-002 
 
The following pdf represents a collection of documents associated with the submittal and 
disposition of a differing professional opinion (DPO) from an NRC employee involving the 
acceptability of AP1000 Shield Building.  
 
Management Directive (MD) 10.159, “The NRC Differing Professional Opinions Program,” 
describes the DPO Program.  http://www.internal.nrc.gov/policy/directives/catalog/md10.159.pdf 
 
The DPO Program is a formal process that allows employees and NRC contractors to have their 
differing views on established, mission-related issues considered by the highest level managers 
in their organizations, i.e., Office Directors and Regional Administrators.  The process also 
provides managers with an independent, three-person review of the issue (one person chosen 
by the employee).  After a decision is issued to an employee, he or she may appeal the decision 
to the Executive Director for Operations (EDO). 
 
Because the disposition of a DPO represents a multi-step process, readers should view the 
records as a collection.  In other words, reading a document in isolation will not provide the 
correct context for how this issue was considered by the NRC. 
 
The records in this collection have been reviewed and approved for public dissemination. 
 
Document 1:  DPO Submittal 
Document 2:  Memo from Office Manager Establishing DPO Panel 
Document 3:  DPO Panel Report 
Document 4:  Supplemental Tasking Memo from Office Manager to DPO Panel 
Document 5:  Supplemental Panel Report 
Document 6:  DPO Decision 
Document 7:  DPO Appeal Submittal 
Document 8:  Office Manager’s Statement of Views 
Document 9:  Submitter’s Appeal Presentation 
Document 10: DPO Appeal Decision 
 
Due to the volume and complexity of this case, a separate collection of DPO supporting 
documents was compiled and can be found in ADAMS, ML18338A309.   
 

http://www.internal.nrc.gov/policy/directives/catalog/md10.159.pdf


Westinghouse Non-Proprietary Class 3 

@ Westinghouse 

Mr. Robert Taylor 
Division of New Reactor Licensing 
Office of New Reactors 

Westinghouse Electric Company 
Building 1, Suite 270A 
1000 Westinghouse Drive 
Cranberry Township, Pennsylvania 16066 
USA 

Direct tel: {412) 374-5093 
e-mail: harperzs@westinghouse.com 

Our ref: DCP NRC 003324 - -

July 03, 2018 

Subject: Response to Request for Review of Differing Professional Opinion Documents Prior to Public 
Release Dated October 11, 2017 

Dear Mr. Taylor; 

By letter dated October 11, 2017, the Nuclear Regulatory Commission ("NRC") invited Westinghouse 
Electdc Company LLC (''Westinghouse"), to identify proprietary information in documents associated 
with a differing professional opinion (DPO) regarding aspects of the AP 1000 design certification. 

Enclosed is the Westinghouse proprietary review of the first set of documents pursuant Title 10 of the 
Code of Federal Regulation ( l O CFR) 2.390, "Public inspections, exemptions, requests for withholding." 

Because the document contains proprietary information of Westinghouse, in conformance with the 
requirements of IO CFR 2.390 of the NRC's regulations, we are enclosing an Application for Withholding 
Proprietary Information from Public Disclosure and an Affidavit. The Affidavit sets forth the basis on 
which the information identified as proprietary may be withheld from public disclosure by the 
Commission. -

Redacted and marked versions of the document are attached to the enclosed Application for Withholding 
Proprietary lnformation from Public Disclosure and Affidavit. APP-GW-GL Y-144, ''Review of Differing 
Professional Opinion Documents Associated with the NRC Request Dated October 11, 2017 -
Proprietary," and APP-GW-GLY-145, "Review of Differing Professional Opinion Documents Associated 
with the NRC Request Dated October 11, 2017 - Non-Proprietary," identifies the proprietary information 
in the Document. 

Correspondence with respect to the proprietary aspects of the Application for Withholding or the 
Westinghouse Affidavit should reference A W-18-4767, and should be addressed to me at the above 
address. 

J:./}j;::; 
Manager, APlOOO Licensing 

© 2018 Westinghouse Electric Company LLC 
All Rights Reserved 
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@Westinghouse Westinghouse Electric Company 
1000 Westinghouse Drive 
Cranberry Township, Pennsylvania 16066 
USA 

U.S. Nuclear Regulatory Commissjon 
Document Control Desk 

Direct tel; (4 12)-374-437:2 
e-mail: monohais@westinghouse.com 

11555 Rockville Pike 
Rockville, MD 20852-2738 AW-18-4767 

July 03, 2018 

Subject: 

APPUCATION FOR WITHHOLDING PROPRlETARY 
INFORMA TlON FROM PUBLIC DISCLOSURE 

Response to Request for Review of Differ'ing Professional Opinion Documents Prior to 
Public Release Dated October 11, 2017 

Reference: i,etter from Zachary S. Harper to R. Taylor, DCP _ NRC _ 003324, dated JuJy 03, 20 l 8 

The Application for Withholding Proprietary Information from Public Disclosure is submitted by 
Westinghouse Electric Company LLC ("Westinghouse"), pursuant to the provisions of paragraph (b)(l) 
of Section 2.390 of the Nuclear Regulatory Commission's ("Commission' s") regulations. It contains 
commercial strategic infonnation proprietary to Westinghouse and customarily held in confidence. 

The proprietary information for which withholding is being requested in the above-referenced report is 
further identified in Affidavit AW-1 8-4 7 67 signed by the owner of the proprietary information, 
Westinghouse. The Affidavit, which accompanies this letter, sets forth the basis on which the infonnation 
may be withheld from public disclosure by the Commission and addresses with specificity the 
considerations listed in paragraph (b)(4) of 10 CPR Section 2.390 of the Commission's regulations. 

Correspondence with respect to the proprietary aspects of the Application for Withholding or the 
accompanying Affidavit should reference AW-18-4767, and should be addressed to James A. Gresham, 
Manager, Regulatory Compliance, Westing.house Electric Company, 1000 Westinghouse Drive, Building 
2, Suite 259, Cranberry Township, Pennsylvania I 6066. 

Very truly yours, 

q(J\J _s Mm~ 
Jill S. Monahan, Manager 

Licensing Inspection & Special Programs 

© 2018 Westinghouse Electric Company LLC 
All Rights Reserved 
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Westinghouse Electric Company
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Enclosures to AW-18-4767
1. AFFIDAVIT
2. PROPRIETARY INFORMATION NOTICE and COPYRIGHT NOTICE
3. APP-GW-GLY-144, Revision 0, “Review of Differing Professional Opinion Documents 

Associated with the NRC Request Dated October 11, 2017 – Proprietary”
4. APP-GW-GLY-145, Revision 0, “Review of Differing Professional Opinion Documents 

Associated with the NRC Request Dated October 11, 2017 – Non-Proprietary”
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AW-18-4767 

AFF1DAVlT 

COMMONWEAL TH OF PENN SY LY ANIA: 

ss 

COUNTY OF BUTLER: 

I, Jill. S. Monahan, am authorized to execute this Affidavit on behalf of Westinghouse Electric 

Company LLC ("Westinghouse") and declare that the averments of fact set f01ih ju this Affidavit are true 

and correct to the best of my knowledge, information, and belief. 

Executed on: 7 - ~-;JOI~ ~~0Jon~ 
Jill S. Monahan~ Manager 
Licensing lnspections and Special Programs 
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(1) I am Manager, Licensing Inspections and Special Programs, Westinghouse Electric Company 

LLC (“Westinghouse”), and as such, I have been specifically delegated the function of reviewing 

the proprietary information sought to be withheld from public disclosure in connection with 

nuclear power plant licensing and rule making proceedings, and am authorized to apply for its 

withholding on behalf of Westinghouse.

(2) I am making this Affidavit in conformance with the provisions of 10 CFR Section 2.390 of the 

Nuclear Regulatory Commission’s (“Commission’s”) regulations and in conjunction with the 

Westinghouse Application for Withholding Proprietary Information from Public Disclosure

accompanying this Affidavit.

(3) I have personal knowledge of the criteria and procedures utilized by Westinghouse in designating 

information as a trade secret, privileged or as confidential commercial or financial information.

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.390 of the Commission’s regulations, 

the following is furnished for consideration by the Commission in determining whether the 

information sought to be withheld from public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been held 

in confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not 

customarily disclosed to the public.  Westinghouse has a rational basis for determining 

the types of information customarily held in confidence by it and, in that connection, 

utilizes a system to determine when and whether to hold certain types of information in 

confidence.  The application of that system and the substance of that system constitute 

Westinghouse policy and provide the rational basis required.

Under that system, information is held in confidence if it falls in one or more of several 

types, the release of which might result in the loss of an existing or potential competitive 

advantage, as follows:

(a) The information reveals the distinguishing aspects of a process (or component, 

structure, tool, method, etc.) where prevention of its use by any of 
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Westinghouse’s competitors without license from Westinghouse constitutes a 

competitive economic advantage over other companies.

(b) It consists of supporting data, including test data, relative to a process (or 

component, structure, tool, method, etc.), the application of which data secures a 

competitive economic advantage, e.g., by optimization or improved 

marketability.

(c) Its use by a competitor would reduce his expenditure of resources or improve his 

competitive position in the design, manufacture, shipment, installation, assurance 

of quality, or licensing a similar product.

(d) It reveals cost or price information, production capacities, budget levels, or 

commercial strategies of Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future Westinghouse or customer funded 

development plans and programs of potential commercial value to Westinghouse.

(f) It contains patentable ideas, for which patent protection may be desirable.

(iii) There are sound policy reasons behind the Westinghouse system which include the 

following:

(a) The use of such information by Westinghouse gives Westinghouse a competitive 

advantage over its competitors. It is, therefore, withheld from disclosure to 

protect the Westinghouse competitive position.

(b) It is information that is marketable in many ways.  The extent to which such 

information is available to competitors diminishes the Westinghouse ability to

sell products and services involving the use of the information.

(c) Use by our competitor would put Westinghouse at a competitive disadvantage by 

reducing his expenditure of resources at our expense.
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(d) Each component of proprietary information pertinent to a particular competitive 

advantage is potentially as valuable as the total competitive advantage.  If 

competitors acquire components of proprietary information, any one component 

may be the key to the entire puzzle, thereby depriving Westinghouse of a 

competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of 

Westinghouse in the world market, and thereby give a market advantage to the 

competition of those countries.

(f) The Westinghouse capacity to invest corporate assets in research and 

development depends upon the success in obtaining and maintaining a 

competitive advantage.

(iv) The information is being transmitted to the Commission in confidence and, under the 

provisions of 10 CFR Section 2.390, it is to be received in confidence by the 

Commission.

(v) The information sought to be protected is not available in public sources or available 

information has not been previously employed in the same original manner or method to 

the best of our knowledge and belief.

(vi) As described in Westinghouse Letter DCP_NRC_003324, the proprietary information 

sought to be withheld in this submittal is that which is appropriately marked and 

contained in Westinghouse Document No. APP-GW-GLY-144, Revision 0, “Review of 

Differing Professional Opinion Documents Associated with the NRC Request Dated 

October 11, 2017 – Proprietary”. The proprietary information is that associated with 

NRC request for review of differing professional opinion documents prior to public 

release dated October 11, 2017.

(a) This information is part of that which will enable Westinghouse to support 

AP1000 new reactor projects and other customer projects, including its processes to 

design and obtain licensing approvals for the AP1000 shield building. 
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(b) Further this information has substantial commercial value as follows:

(i) Westinghouse plans to sell the use of similar information to its customers 

for the purpose of plant construction and operation.

(ii) Westinghouse can sell support and defense of industry guidelines and 

acceptance criteria for plant-specific applications.

(iii) The information requested to be withheld reveals the distinguishing 

aspects of a methodology which was developed by Westinghouse.

Public disclosure of this proprietary information is likely to cause substantial harm to the 

competitive position of Westinghouse because it would enhance the ability of 

competitors to provide similar plant safety systems and licensing defense services for 

commercial power reactors without commensurate expenses.  Also, public disclosure of 

the information would enable others to use the information to meet NRC requirements for 

licensing documentation without purchasing the right to use the information.

The development of the technology described in part by the information is the result of 

applying the results of many years of experience in an intensive Westinghouse effort and 

the expenditure of a considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar technical 

programs would have to be performed and a significant manpower effort, having the

requisite talent and experience, would have to be expended.

Further the deponent sayeth not.
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PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and non-proprietary versions of a document, furnished to the NRC 
in connection with requests for generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.390 of the Commission’s regulations concerning the 
protection of proprietary information so submitted to the NRC, the information which is proprietary in the 
proprietary versions is contained within brackets, and where the proprietary information has been deleted 
in the non-proprietary versions, only the brackets remain (the information that was contained within the 
brackets in the proprietary versions having been deleted).  The justification for claiming the information 
so designated as proprietary is indicated in both versions by means of lower case letters (a) through (f) 
located as a superscript immediately following the brackets enclosing each item of information being 
identified as proprietary or in the margin opposite such information.  These lower case letters refer to the 
types of information Westinghouse customarily holds in confidence identified in Sections (4)(ii)(a) 
through (4)(ii)(f) of the Affidavit accompanying this transmittal pursuant to 10 CFR 2.390(b)(1).

COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice.  The NRC is permitted to 
make the number of copies of the information contained in these reports which are necessary for its 
internal use in connection with generic and plant-specific reviews and approvals as well as the issuance, 
denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of a license, 
permit, order, or regulation subject to the requirements of 10 CFR 2.390 regarding restrictions on public 
disclosure to the extent such information has been identified as proprietary by Westinghouse, copyright 
protection notwithstanding.  With respect to the non-proprietary versions of these reports, the NRC is 
permitted to make the number of copies beyond those necessary for its internal use which are necessary in 
order to have one copy available for public viewing in the appropriate docket files in the public document 
room in Washington, DC and in local public document rooms as may be required by NRC regulations if 
the number of copies submitted is insufficient for this purpose.  Copies made by the NRC must include 
the copyright notice in all instances and the proprietary notice if the original was identified as proprietary.
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APP-GW-GLY-145, Revision 0, “Review of Differing Professional Opinion Documents Associated with 
the NRC Request Dated October 11, 2017 – Non-Proprietary”



APP-GW-GLY-145, Revision 0 Westinghouse Non-Proprietary Class 3 Page 2

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
18338A309

*** This record was final approved on 6/29/2018 4:19:58 PM. (This statement was added by the PRIME system upon its validation)



APP-GW-GLY-145, Revision 0 Westinghouse Non-Proprietary Class 3 Page 3

*** This record was final approved on 6/29/2018 4:19:58 PM. (This statement was added by the PRIME system upon its validation)



APP-GW-GLY-145, Revision 0 Westinghouse Non-Proprietary Class 3 Page 4

*** This record was final approved on 6/29/2018 4:19:58 PM. (This statement was added by the PRIME system upon its validation)

NRC FORM 680 
(1Hoo2) 

U.S. NUCLEAR REGULATORY COMMISSION FOR PROCESSING USE ONLY 

NRCMD 10,,sg 

DIFFERING PROFESSIONAL OPINION 

INSTRUCTIONS: Prepare this form legibly and submit three copfes to the address 
provided in Block 14 below. 

J _ NAME OF SUBMITIER 

John S. Ma 

6. OFFICE/DIVISION/BRANCH/SECTION 

NRO/DE/SEB1 

4 POSITION TITLE 

Senior Structural Engineer 

7 BUILD! G 

TWFN 
8. MAILSTOP 

10H9 

1, OPOCASE NUMBER 

2. DATER~CEIVED 

1 o· DESCRIBE THE PRESENT SITUATION, CONDITION. METHOD, ETC .. WHICH YOU BELIEVE SHOULD BE CHANGED OR IMPROVED 
(Con/fnue on Page 2 or 3 as necessary.) 

The certified AP1000 shield building is unsafe, because (1) the certified AP 1000 shield building does not meet the 
NRC's seismic margin requirement. (2) there is no adequate demonstration that the shield bu11d meets the GDC 2 
requirement , (3) the NRC's conclusion that the aircraft missile would not penetrate the AP 1000 shield building wall is 
illogical, and (4) the shleld building wall ls Insufficiently strong and ductile to resist eaJ1hquakes or aircraft missiles . 

Additional details are provided in the attached discussion. 

1, , DESCRIBE YOUR DIFFERING OPINION IN A CCORDANCE vvm-t THE GUIDANCE PRESENTED (N NR"C MANAGEMENT DIRECTIVE l0.159, 
(Co111irwe on Page 2 or 3 as necessary,) 

The AP1000 shield building should be redesigned such that it clearly meets all regulatory requirements. In order to meet 
the GOG 2 requirement , the NRC seismic margin requirement, and the aircraft mjsslle impact requTrement, design 
modtficaUons to the shleld bulld1ng are requlred. The required modifications include the fncrease of the wall thickness 
and ductillty, and a redes ign of the connections between the roof and the water tank. 

Additional details are provided in the attached discussion. 

12. Check {a) or (b) as appropnale: 

[l] a_ Thorough dlscusslons of the issue(s) raised in item 11 have taken place within my management chain; or 

D b. The reasons why I cannot approach my immediate chain of command are: 

DATE SIGNATI.JRE OF CO-SUBMITIE'.R If' any) DATE 

7 2. o 1 ... 
14. Submil lh1~ form \o_ 

Differing Professional Opinions Program Manager 

2. Office of: Enforcement =====-- - - - - - - -------- - - ------- ---
3, Jerry Chung Mail Stop: 0-4A 15A 

15. ACKNOWLEDGMENT 

THANK YOU FOR YOUR DIFFERING PROFESSIONAL 
OPINION. It wil l be carefully considered by a panel o f 
expens in accordance with the provisions of NRCMD 
10,159. and you will be advised ol any action laken. Your 
interest in improving NRC operations is appreciated . 

TURE OF Dlrl'ERIN~ FESStONAl OPtflllONS PROGRAM MA GE~ !OPOPM) 
I 

DATE OF ACt<NOWlE'DGMENT 

uJ YES D NO l 
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DUCTILITY IN SHEAR RESPONSE OF SHIELD BUILDING

Frank Vecchio
July 9, 2010 

Code Requirements: 

The intent of Chapter 21 of ACI-349 (Provisions for Seismic Design) is that a structure 
be designed to behave, at its ultimate limit state, in a ductile manner. This necessitates
that the structure exhibit a failure mechanism that involves yielding of the principal 
reinforcement such that a high deformation capacity be achieved, providing sufficient 
energy dissipation and avoiding all brittle failure mechanisms. The Code does not 
provide specific guidance on the levels of ductility that are required. 

A generally accepted criterion for assessing adequate ductile behavior does not exist 
amongst jurisdictions or design code worldwide, although many are working toward
criteria based on the concept of displacement or ductility demand. The criterion proposed 
in New Zealand, for example, states that if the structure can withstand four cycles at four 
times the yield displacement with no more than a 20% decay in force capacity, then it is 
adequately designed to resist high seismic loading. It is understood that this is a highly 
stringent criterion, particularly when isolating the behaviour in a single member or joint. 
Given the size and nature of the Shield Building (SB), three cycles at a displacement 
amplitude of three times the yield displacement with no more than a 20% reduction in 
strength would, in my opinion, be adequate evidence of good ductile behaviour.  

Although ACI-349 does not define specific target levels for ductility, it is worth noting 
that it implicitly requires that the failure mechanism be ductile regardless of the 
magnitudes of the actual design loads. Thus, for shear design of flexural members, Clause 
21.3.4.1 states that “…the design shear force shall be determined from consideration of 
the statical forces on the portion of the member between the faces of the joints. It shall be 
assumed that moments of opposite sign corresponding to the probable flexural moment 
strength act at the joint faces…”.  In other words, the design shear force is dictated by 
the flexural capacity of the member, ensuring that a ductile flexural failure occur before a 
brittle shear failure can develop. In the case of the SB wall, the ¾-inch steel faceplates 
create a large moment capacity, and thus the shear capacity required to maintain a ductile 
failure mechanism is high, regardless of the actual out-of-plane shear forces acting.

It is understood that the aforementioned requirements of Chapter 21 of ACI-349 relate 
primarily to moment-resisting frames, and not directly to shell structures such as the 
Shield Building. [ 

 ] a,c

Nevertheless, Chapter 21 is based on the important underlying principle that if, in the 
event of unforeseen circumstances, the loads acting on the structure are of much larger 
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magnitude than anticipated, then the structure should be able to achieve a ductile failure 
mechanism. [

] a,c
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Comments on the Safety of AP1000 Shield Building

By Thomas T. C. Hsu and Y.L. Mo 

Nov. 14, 2010 

1. Building Codes for Seismic Design

The requirements and recommendations in current seismic codes are based on the present
knowledge about earthquakes and structural performance. Although many seismic provisions are 
available and worthy of discussion, such as the Eurocode 8 used by the European Community, 
the International Building Code is the prevalent “model code” in the United States, as explained 
in the following paragraph. 

The International Building Code was first published in 2000 by the International Code Council
(ICC), a US-based, non-profit, non-governmental, membership association. This code is based 
on the provisions contained in the NEHRP Recommended Provisions for Seismic Regulations 
for New Buildings, issued by the Building Seismic Safety Council (BSSC) of the National 
Institute of Building Sciences (NIBS), under the sponsorship of the Federal Emergency 
Management Agency (FEMA). This National Earthquake Hazard Reduction Program (NEHRP)
publication is the outcome of a program initiated by FEMA to develop an up-to-date set of 
seismic provisions that could be adopted by building authorities all across the United States. 

2. Equivalent Lateral Force method vs. Dynamic Method

According to the International Building Code, two methods for earthquake-resistant design are 
defined: 1) the Equivalent Lateral Force method, and 2) the Dynamic Method. The Equivalent 
Lateral Force method is applicable in any seismic zone to regular structures under 240 ft in 
height and to irregular structures of not more than five stories nor over 65 ft in height. The 
Dynamic Method may be used for any structure, but must be used for structures over 240 ft in 
height, irregular structures over 5 stories or 65 ft in height.  

In the Dynamic Method, a modal response spectrum analysis is performed (Villaverde, 2009; 
Paz and Leigh, 2004). The International Building Code requires that the mode shapes, natural 
periods, and participation factors of the structure be determined. It also requires including as 
many modes as necessary to take into account the high modes and to obtain a combined 
participating mass of at least 90% of the actual building mass in each of the two orthogonal 
horizontal directions of the structure. When the base shear force calculated by the Dynamic 
Method is less than that determined by the Equivalent Lateral Force method, then for irregular 
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buildings, the base shear calculated by the Dynamic Method shall be scaled up to match 100% of 
the base shear determined by the Equivalent Lateral Force method. 

For the seismic design of the AP1000 shield building it is obvious that the Dynamic Method
must be employed, because of its height and significant irregular boundary (support) conditions.  
In addition to the above code mandate from a structural point of view, it is only prudent to 
conduct a dynamic analysis on the AP1000 shield building, considering its stringent safety 
requirements, high construction cost, and shining public image. 

3. Dynamic Method

At present, the Dynamic Method requires a modal response spectrum analysis. This analysis 
could help evaluate the strengths and deformations of the structures. Therefore, an acceptable 
design must satisfy the following principle: The strength, the ductility and the detailing must all 
be sufficient to resist the imposed earthquake action.

It must be acknowledged that the methodology of evaluating the supply and demand of a 
structure to resist earthquake still remain to be established. On the supply side, we are just 
beginning to understand the structural performance under cyclic loading, the nature of hysteretic 
loops, the cyclic ductility, and the energy dissipation. On the demand side, we are still unsure of 
the nature of the earthquake as to time, frequency of occurrence, intensity, location relative to the 
structure; earthquake energy; media of the source, propagation path, condition at the site, 
duration of shaking, frequency composition of the disturbing waves, and other factors. No other 
structural loadings involve such a wide variation of possible demands. 

Until a more rational methodology is developed in the future to connect the supply and demand 
in seismic design, such as the Incremental Dynamic Analysis (IDA), the most sensible approach 
to design the nuclear containment structure is to recognize the uncertain nature of the earthquake 
demands, and to provide the ductility that could redistribute the stresses so that all the reserve 
capacity could be mobilized to avoid a catastrophic failure. Hence, the ductility and the proper 
detailing of the structures to prevent brittle failure at possible weak locations are crucial.

4. Brittle Failure of SC Module with [ ] a,c

The AP 1000 Shield Building is constructed of concrete wall with steel cover plates. The two 
cover plates of this steel-concrete (SC) wall is connected by tie bars serving as transverse shear 
reinforcement. The tie bars proposed by WEC are [  ] a,c in both the 
directions of height and circumference. However, tests at Purdue University showed that the SC 
modules failed by out-of-plane shear in a brittle manner. The question before us is: Is the SC 
wall with [  ] a,c safe?

WEC suggested that the wall with [  ] a,c is safe, because the out-of-plane 
shear stresses calculated by the pushover analysis is very small compared to the brittle shear 
strength of the wall. So the shear stress will never reach the shear strength to cause a brittle shear 
failure.
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The writers acknowledge that the out-of-plane shear stress calculated by the static pushover 
analysis is indeed very small. However, the stress in the cylindrical wall [

 ] a,c is actually under combined stresses of out-of-plane shear stress, in-plane shear stress, and 
axial stresses. [  ] a,c

Furthermore, as stated previously in Section 1, the static pushover analysis, which is a type of 
Equivalent Lateral Force method, is not applicable to the shield building because of its height 
and significant irregular boundary (support) conditions.  

More importantly, the requirement of ductile shear failure is not intended to guard against the 
loading assumed in the static pushover analysis. The ductility requirement is intended to guard 
against all the unexpected loadings that are not designed for. In the multitude of possible 
loadings, deformations and combinations, where the resulting shear stresses could exceed the 
shear strength, the wall could redistribute the stresses and could mobilize all the reserve capacity 
to avoid a catastrophic disaster. In the opinion of the writers, a ductility ratio of 3 required by 
NRC is a reasonable one and needs to be implemented. The NRC ductility requirement is 
actually more liberal than the ductility ratio of 4 required by the New Zealand Code. 

5. Two Examples of Catastrophic Brittle Failures of Buildings

(A) Warehouses at Wilkins Air Force Depot in Shelby, Ohio, and Robins Air Force Base 
near Macon, Georgia.

At the Wilkins Air Force Depot in Shelby, Ohio, about 370 m2 (4,000 ft2) of the roof collapsed 
suddenly on August 17, 1955 (Feld 1964, p. 25). A similar warehouse roof collapse took place at 
Robins Air Force Base near Macon, Georgia, early on the morning of September 5, 1956. 

The Ohio warehouse was a six-span rigid frame building, 122 m (400 ft) wide and 610 m (2,000 
ft) long.  The haunched rigid frames each had six 20 m (67 ft) spans, and were spaced 
approximately 10 m (33 ft) on center. In these warehouses, the girders have no stirrups and failed 
in a brittle manner, causing catastrophic collapse. 

At the time of collapse, these two structures were subject to wider temperature variations. The 
temperature stresses, combined with shrinkage and shear effects to cause high tensile stress.  The 
rapid, monolithic casting of the frames was thought to exacerbate shrinkage and to contribute to 
the problem (Feld and Carper 1997, pp. 255 – 257). Real structures do not behave in the same 
way as our simplified analytical models, and develop forces and stresses where our analyses 
suggest there should be none or very small.   

These two warehouses illustrate the importance of designing beams with stirrups (tie-bars) that 
fail in a ductile manner. This lesson led to the establishment of a minimum shear reinforcing 
steel requirements in subsequent editions of the ACI Building Code. 

(B) Mineo Manufacturing Plant in Miami, Florida 
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When the first writer was a professor at the University of Miami in the 1970s, he was asked to 
investigate the collapse of a roof structure in a manufacture plant of Mineo Company. The roof, 
which was made up of precast prestressed T-beams, collapsed during a stormy night. The precast 
prestressed T-beams, which were manufactured by a local prestressed concrete company, 
contained no stirrups (tie-bars). The reason this company were allowed to manufacture beams 
without stirrups (apparently in violation of the ACI minimum stirrup requirement) was because 
they tested a series of such beams (without stirrups) in their plant and found that they were able 
to carry the predicted ultimate loads. The beams were tested in a simply supported manner (i.e. 
no restraints  to the beam movement along the length of the beam) and carried vertical loads 
only. 

So why did the beams performed adequately at the test site, but collapsed catastrophically on the 
roof of the Mineo manufacturing plant? The answer is actually quite simple. It was because the 
beams at the Mineo manufacturing plant were subjected to a very different set of loadings than 
they were tested. In addition to the vertical loads, the beams were subjected to a longitudinal 
tension and a bending when the steel seating plates at both ends were welded to the support 
columns.  Also, the beams were subjected to vibration when the roof was lifted up by the suction 
of the wind above the roof. The beams collapsed under these unexpected loadings that were not 
designed for.

A more important reason for the collapse was that the beams without stirrups failed in a brittle 
manner. The beams could not mobilize all the reserve capacities to resist the unexpected 
loadings. In other words, design based on strength alone is insufficient to ensure the safety of the 
structure. Ignoring ductility could lead to a catastrophic disaster. 

It is interesting to point out that several roof collapses occurred in Miami following the collapse 
at the Mineo manufacturing plant. The beams involved in the subsequent collapses were all 
beams without stirrups (tie-bars). As a result of this series of roof collapses, the South Florida 
Building Code banned the use of beams without stirrups. 
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RESUME OF THOMAS T. C. HSU

Thomas T. C. Hsu is a John and Rebecca Moores Professor at the University of Houston (UH), 
Houston, Texas. He received his MS and Ph.D. degrees from Cornell University and joined the 
Portland Cement Association, Skokie, Illinois, as a structural engineer in 1962. He was a 
professor and then chairman of the Department of Civil Engineering at the University of Miami, 
Coral Gables, Florida, 1968-79. After joining UH, he served as the chairman of the Civil and 
Environmental Department, 1980-84, built a strong faculty and became the founding director of 
the Structural Research Laboratory, 1982-2003, which later bears his name. In 2005 he and his 
wife, Dr. Laura Ling Hsu, established the "Thomas and Laura Hsu Professorship in 
Engineering" at UH.

Dr. Hsu is distinguished by his research in construction materials and in structural engineering. 
The American Concrete Institute (ACI) awarded him its Wason Medal for Materials Research, 
1965; Arthur R. Anderson Research Award, 1990 and Arthur J. Boase Award for Structural 
Concrete, 2007. Other national awards include the American Society of Engineering Education 
(ASEE)’s Research Award, 1969, and the American Society of Civil Engineers (ASCE)’s Huber 
Civil Engineering Research Prize, 1974. At UH, Professor Hsu’s many honors include the Fluor-
Daniel Faculty Excellence Award, 1998; Abraham E. Dukler Distinguished Engineering Faculty 
Award, 1998; Award for Excellence in Research and Scholarship, 1996; Senior Faculty Research 
Award, 1992; Halliburton Outstanding Teacher, 1990; Teaching Excellence Award, 1989. 

In 2009, he was the honoree of the ACI-ASCE co-sponsored “Thomas T. C. Hsu Symposium on 
Shear and Torsion in Concrete Structures” on Nov. 9-10 at the ACI fall convention in New 
Orleans. The Symposium Volume, ACI SP-265, contains 29 papers presented by authors from 
around the world. In the same year, Houston Mayor Bill White proclaimed November 8, 2009, as 
Dr. Thomas T. C. Hsu Day in Houston for “bringing excellence and honor to the University of 
Houston and the City of Houston.” 

In 2010, Professor Hsu visited Taiwan and organized the “International Workshop on 
Infrastructure Systems for Nuclear Energy” at the National Center for Research on Earthquake 
Engineering (NCREE), on December 15-17. The 33 workshop papers given by world-leading 
experts will result in a 600-page book published by John Wiley and Sons, Ltd. He also gave two 
keynote speeches: One for the 10th National Conference on Structural Engineering, Chinese 
Society of Structural Engineering, on Dec. 1-3. The other was for the 4th Asian Concrete 
Federation Conference on Nov. 29. 

Professor Hsu authored numerous research papers on shear and torsion of reinforced concrete 
and published three books: “Unified Theory of Reinforced Concrete” (Hsu and Mo, 2010), 
“Unified Theory of Reinforced Concrete” (Hsu, 1993) and “Torsion of Reinforced Concrete”
(Hsu, 1984). Significant parts of Dr. Hsu’s work on shear and torsion are codified into the ACI 
Building Code which guides the building industry in the USA. 

Intrinsic to Dr. Hsu's work are two research innovations: (1) the concept that the behavior of 
whole structures can be derived from studying and integrating their elemental parts, or panels; 
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and (2) the design, construction and use of the “Universal Panel Tester” at UH, a unique, 
million-dollar test rig (NSF grants) that continues to lead the world in producing rigorous, 
research data on the constitutive models of reinforced concrete, relatable to real-life structures.

In his research on construction materials, Dr. Hsu was the first to visually identify micro-cracks 
in concrete materials and to correlate this micro-phenomenon to their overt physical properties. 
His research on fatigue of concrete and fiber-reinforced concrete materials made it possible to 
interpret the behavior of these structural materials by micro-mechanics.   

Among his consulting projects, Dr. Hsu is noted for designing the innovative and cost-saving 
"double-T aerial guideways" for the Dade County Rapid Transit System in Florida; the curved 
cantilever beams for the Mount Sinai Medical Center Parking Structure in Miami Beach, Florida, 
and the large transfer girders in the American Hospital Association Buildings, Chicago, Illinois. 
He is currently a consultant to the US Nuclear Regulatory Commission (NRC).  

Dr. Hsu is a fellow of the American Society of Civil Engineers and of the American Concrete 
Institute. He is a member of ACI Committee 215 (Fatigue), ACI-ASCE joint Committees 343 
(Concrete Bridge Design) and 445 (Shear and Torsion). He had also served on ACI Committee 
358 (Concrete Guideways), ACI Committee on Publication and ACI Committee on Nomination. 
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amplification factor for buildings designed by Ule 
equivalent static lateral force method. For 
buildings desig11ed by elastic dyn:unic an:ilysis. 
similar increases probably are no, wnmmt.ed. 

Wal) Shear Streneth According to convention:i.J 
U.S. practice, shear strength of a reinforced 
concrete wall is calculated for design purposes 
using equations that are effectively identicaJ 10 

those used for beams. Fwthermore, it is common 
practice to assume bolh concrete and reinforcement 
contribute to strength, even in the plastic hinge 
zone. This practice is supported by experimental 
studies [Akta.n and Benero; 198Sj. The pr:ictice of 
assuming the concrete contribution to shear 
strength is zero in the pbstic hinge, as is done for 
beams and luls been recommended by some 
researchers and designers for walls. will surely 
produce a more conservative design result, bot for 
buildings where lateral drifts and plastic binge 
routions are reasonably controlled this approach 
does not seem warranted. 

Bccous:c ~:ill~ :irt pnm.:l1} l!IICml load 
l'C$1SUnt l"lemcms of ii structurnJ SV$tcm, 11 shoold 
flOI be the det,l jtlCI' S 1111'11 10 mlll.C .1 w;ill .U clun i1S 

pmrnc:ible. but mlhc:- 10 COOSU'Uc:' It lCI be :is s1urd~ 

3!. neceu.it) Eilpenment:11 ,.,udi::.., IAk&an .ind 
Bcnero. 1985 J tnd!Qtr 11.nt ii!lcnun;ly tmult 
failure modes m the bboralCJr} are po~ble due ID 

web trushinlt when nomm=il s~ sm:sscs ~ 
ht1tla W11ti lhii. aspect m mand, I!~ ~mmendt'd 
tlul the max,mum nom1n.:il ~hc:lr SIJ'C$.\ ,n 3 .IJiUI 
under m:wmum ci1pectcd shc:lrS should not exc;ieed 

::ippmxun~lel)' 6..[7 ps1 

Summary Considering 1he results of I.he preceding 
pnrngraphs. it is recommended thal where 
equivnJenl static analysis is used for wall design the 
design shear should be calculated according to 
Equation 8. 

in which V11 = design she.nr. ro = amplific:111on 
factor to account for the dynamic response 
phenomenon illustr.11ed in Figure 25. MO = 
expected wall plastic moment strength. M codr = 
wall base moment obtained from code lateral 
forces, and Vc:QCU = the shear obtained using U1e 
code lnteral forces. Th.e factor ro may be assumed 
equal to unity where dynamic :iruilysis is used in 
design, and not less than 4{3 where static analysis 
is used in design. 

CONCLUSION 

Recent studies of the seismic response of reinforced 
concrete buildings have led 10 improved 
undersianding of design requirements for wall 
buildings. 'Decisions mode early in the design 
process regarding building proportions and. 
importantly, the'ratio of wall area to floor plan 
area, significantly influence te4ui:rements for 
proportioning and detailing in later stages of 
design. F1111hermore. the engineer can rely on 
simple tools in 11reliminary design stages to develop 
an underst:1nding of how decisions on building 
proponion will influence subsequent detail 
requirements. Afler the preliminary design ph3se 
is completed, infomiation regarding seismic 
demands on I.he building can be used to establisn 
requirements for details and proportions of 
individual walls. In many cases, heavy transverse 
reinforcement required by current codes may be 
found to be unnecessary. 
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Ma, John 

From: 
Sent:, 
To: 
Cc: 
Subject: 
Attachments: 

Bret 

Ma, John 
Saturday, June 11 , 2011 9:07 PM 
Tegeler, Bret; Thomas, Brian; 
Bergman. Thomas: Shua1bi, Mohammed 
Tv,io fai,lure modes need to be 1hvestigated for AP1000 shield building due to aircraft impact 
Untitled 

During the June 6, 2011 DE meeting, Tom mentioned that the aircratt impact issue of the AP1000 shield 
building was still unresolved. I stated in my May 24, 2011 e-mail to you (attached) that I did not believe that 
the shield building wall with brittle modules can withstand aircraft impact because the brittle module used by 
Westinghouse has 25% less in strength , 300% less in ductility, and 400% less ln energy absorption/dissipation 
capability, 1han its companion reinforced concrete module. Please make sure that Westinghouse does use or 
model this punching shear failure mode in its analysis because 1hrs is the governing (limiting) failure mode, not 
the ductile flexural mode as usually assumed by many. 

Another failure mode of the shield building needs to be analyzed is that the aircraft hits the PCS tank on top of 
the shield building. The tank, the roof, and the compression ring girder are not only connected together but 
also provlde stabiHty for and among themselves. The tank supported by the roof and the compression ring 
girder is different from the tank supported on the ground. The difference ls in 1he rotational stiffness at the 
connection . The AP1000 tank will rotate srgnifrcantly during the aircraft impact because the rotational stiffness 
at the connection 1s relatively small compared to that while the tank rs supported on the ground. I doubt that 
the connection has sufficient strength , stiffness, and ductility to resist tha t significant rotation of the tank during 
the aircraft impact. Once that connection is failed due to excessive rotatfon , the stabHrty of the tank, the roof, 
and 1he compression ring girder is lost, and all will collapse onto the steel containment and crash it, and that 
may cause unintended accident 

Please make sure that Westinghouse wlJI invest1gate these two failure modes. 

John Ma 



From: Ma, John
To: Tegeler, Bret
Cc: Thomas, Brian;
Date: Tuesday, May 24, 2011 10:28:00 AM
Attachments: image001.emz

image002.png
oledata.mso

John Ma
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Ma, John 

From: 
Sent: 
To: 
Subject: 
Attachments: 

From: Chuang, Tze-Jer 

Chuang, Tze-Jer 
Tuesday, January 03, 201210:11 AM 
Ma, John 
FW: Site-Specific Extreme Wind Analysis for AP1000 Turkey Point COLA 
ACI Code Concrete Punching Shear Strength .docx 

Sent: Tuesday, December 20, 2011 4:12 PM 
To: Tegeler, Bret; Valentin, Milton 
Cc: Thomas, Brian; Shuaibi, Mohammed 
Subject: RE: Site-Specific Extreme Wind Analysis for APlOOO Turkey Point COLA 

All: 

In this morning's discussion, we all agreed with shear stress of 89.15 psi due to 1rnpact of auto missiles in the case of 
DCD We shifted our focus on the disagreement of ACI Code specified concrete dynamic shear strength This led me to 
an in-depth investigation rn o ACI Code 349. 

The attached document provides the appropriate Code sections that should be applied in analyzing this local punching 
shear problem . As can be seen, the concrete dynamic. shear strength as given by ACI Code 349, is 112.77 psi. regardless 
of one-way or two-way slabs or walls. The relevant ACI 349 sections will be provided to all of you for reference, if you 
are interes ed. 

Jerry 

From: 
Sent: Sunday, December 18, 2011 9:02 AM 
To: Chuang, Tze-Jer; Tegeler, Bret; Valentin, Milton 
Cc: Thomas, Brian; Shuaibi, Mohammed 
Subject: RE: Site-Specific Extreme Wind Analysis for AP1000 Turkey Point COLA 

Gentlemen - thanks for looking at this issue. Please let us meet in my office on Tuesday12/20 to discuss_ 

Mohamed 

From: Chuang, Tze-Jer 
Sent: Thursday, December 15, 2011 1 :02 PM 
To: Tegeler, Bret 
Cc: Thomas, Brian; Shuaibi, Mohammed; Valentin, Milton 
Subject: RE: Site-Specific Extreme Wind Ana lysis for APlOOO Turkey Point COLA 

Bret, 

Thank you for yOLar timely feedback. I am glad to know that your erroneous analysis is for internal use only . It ,s 
therefore very important to build a consensus on this issue within the SEB. 

Since you indicated some disagreements in my CONCLUSION, I would like to know the specifics of your disagreements, 

and the bases to support your points I suggest we discuss those in a weekly SEB Technical Discussion Meeting. , 
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The author notes that the first mode 
is a cantilevered beam with a concentrated force applied to the top of the beam and the shape 
of that deflection curve is call the first mode, which is the shape assumed by WEC in its 
September 3, 2010 submitted), 
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NE HRP (National Earthquake Hazards Reduction Program) 

Recommended 
Seismic Provisions 
for New Buildings and Other Structures (FEMA P-750) 

2009 Edition 

Prepared for the Federal Emergency Management Agency of the 
U.S. Department of Homeland Security 
By the Building Seismk Safety C-0uneil of the 
National Institute of Building Sciences 

BUILDING SEISMIC SAFETY COUNClL 
A council of the National Institute of Building Sciences 
Washington, D.C. 
2009 
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Resource Paper 2 

ONL1 EA R STATIC PROCEDURE 

Tfm re.w1,rt·e /Wfler iva.( prepared h , Techniwl S11bcomm1tfl!.e 2, De.1·tgn Cnreriu and Anulysi~ and Advanced Technolo~ic.1· 
as a replac:eml!.nr/ur the Appendix 10 Chapter 5 o.f the 2003 edition o{the i\'!:HRP Rec·omm,•nd£•d Provisions. /1 r1Nise.~ the 
information on the r10nlin1tar siutic procl!dtrre (NSPi to u/{011 ils u.fe in design ufregrtlur building.~ ll!Ss than 40 fe~r in heiJ!.ht 
The princ·ipal vulue t~! rhi,~ 1,ipr,mm:h u.~ urremly pre.semed ts for thr design v.f lwilding.r ,hat vre wnfralfcd hy drifr limits 
Such b11ild,ng.,· um he designed ro hr,111e .f1,jfic1el1/ st,'JfneJs w11ho1.1t using !he r1t-111iva/ent luteral lorce (ELF) proc;edure cmd 11, 

hove .wjficient Sll'e'1gth without r·onducting de1tJ1led rnl!mhl!r evulriutinns (R ,; < RJil0J. In the future . the heigh/ /imilu lion 
may be re.la.red (f. far example. the NSP is used in conju1u.twn wtfh tJ n1.m/f11eur dynarni.c: a1U1{y.!ll.'i 

BecauJe requif"ement.v for rhe nonlinear static procedure are now .~pec.{/ied in ASCE!SE! 41-06, it is .'fimpli:r 10 1·1!,(i::r lo thul 
doc11mem 1han to wri1e applicable ri::q11iremen1 into 1he Pmvi.1inn.'f_ Mndffic1.11irm.~ to Jhe ASCE!Sl~I 7-05 requirements w·e. 
introduced here to maintain con.sis/ency wllh the nnnli111tar s/a fi pmcedure informal ion pre.nm led in Lhe 2003 Pro111sirm.1·. 

Th~ 40•/t)OI h,,1gh1 lim/1 was si:lected hosed on the accuracv of response quu11ti1ies de1ermmed for a 1htce- /Ory moment· 
frume Sll"UClt// 'I!, no height limil wa.~ ider111jied in !he FF.MA-fimJecl App/led Technology Crnmcil pl'OJI! 'f on rhe evuluuriun '!/ 
inelastic . ei.wnit: analysis procedures (lmprovemeni of Nonlinear Static S1mmic: ,tnu~}'.l'is Procedurt!.1'. FE,\1/A 44(}) . Although 
higher mndes will have u similar influence cm £ /,F L{l1Qnritle,\'. the highr,,r hu,1·t- sh,•,,r ,w·en,:lh, und SIDIJ ' .~heurs q(thr F.J,P 
pmcr:durc, wifl 1c11d /u result in .l'mtJ/fer memher d11c.·1ilr0 · demtmds. Thus weC'i.1·11111 in //u: NSP estfmc.rt<'s i,( especial!r 
,mporlunl wh(!J1 .1'ntem strength\ urc lower 1hun those 1't'.1'u/1ingJm111 ,m• of the'. J!u·· approu~·h t,,,,h;d, tt rnl1wlc,1' mernh,•r 
deforrrmlwn demands In cle/oil 

Thi~· r-esm1rce µap!!r sirnplijie lhtt fonguug<t 1~.w:d 10 es1ah/ish whe1her lotf'n:)/ m:ngtfr ls nvm,nal(, fo.1,v rht.m tlw1 ,·,;q1.ured b_,. 
the ELF procedure. This 1s now slalCd .mcdnct(\.' a.,· R,t > RID,, Secriun ,"tt{f'ren es have been lwrmrmi::ad wirh A5'CEIS£I 7-

05 sect run 11umber. ·, If udoptcd for ASCEISEJ 7-10 or rwbsequent editions, the chapter number us.i'igned lo the requirements 
ponion of rhif p<l'pe:r ,vii/ h(tlle ta be :>'ubs11-1111i:d 1vhcrre °'X'' uppc:CJrv heto,,-

X Nonlin ear Static Pr-occdu re 

X. I Definitions 

REQUl REMENT 

Tar-get Dis-pl:u:emcn t. J\n estimate ofthc maximum expected displi:1cc1111.:n1 ofihc control node, d1:mrmi,1ed according 10 

Section 3.3J .3.2 of J\St£:1SCI 41 Supplcmcntl usini; S,, ddincd as a dcs-1gn c.irthtjuuke spectral rt-srmnsc acceleration 
according to the 2009 NEIIRP Recomm1:nde.d Sei.~mic Pre1v 1tJ11r at the effectiYe penod. 

, .2 Notation 

Q .-, Force in ,,~ member determined according to Section 12- 15.8 

R,1 The system strength ratio as dcrcnnmcd by Equation , - I 
Rn.,,. The maximum srrcngth ratio, dcfin~d b Equation 3-16 of t\SCUSEI 41 Suppkmcnl I 
, The -dcfonmtions for member l 
{) 11 • ee Sticlion I l 3. 

X.3 Applicabi li ty. R•.\?U ,ar structures less than i 11 n height in J,: ur ·m ) (1t1 I may be dc,.,gnctl using 
the;: nonlinear ta t1c procedure following the rcqu1rcmcnts ofllns chapter, 

X.4 Scismic-force- resisl ing System. The sc1sm1c- rorce-rcsist1ng system Shllll l!Onfomi 10 MC of th typi:s in Table. 12 ,2-1 
and 15.4-1 and shall be in accordance with the seismic dc!:.ign category and hc1ghL lin,irn.t ions indica.ced 111 thcsc table~. The 
appropriate: response: modification coefficient, R, and system owrstrength fac10r, 01'1, .identified 1n these tables shall be used. 
subject to the -i.dditioniil rcquin::menb of this chapter. 

X.S Modeling and l\nal~·s is. Modeling and analysis shal l confom1 lo. ·clion 3.3 .3 of J\~C!:/SEI 4 I Supplement t exc~pc 
that · aj S. shall be defined as a design Cllrthqu;ikc ~pct:tra( r~spon1;e a!lc ler uon according to thcNHIJRP Recumm1:nded 
SC'i.~mi,· Provisions at the cffec1rve period and {b) the an.alys1 _ hall be conducted for seismic ac11ons occumng 
s1multancou,.1_ with the cffcl:IS or dc11d load in combina tion with not le, than '.!5 percent of the r1;4uircc.i design livo loads. 
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Part ", , pec1al Topic.~ in Sc1sm1c Design 

COMMENTARY 

This resource paper presents proposed requirements for mh ,i:-11 1..11i Jn ,h 1 ., ·, n, an I. 1, \. un: 
11< , TI , w ,C)\/ r nul , . for review and commenl and for adoption into a subsequent edition of the NEHRF 

Rei.:ommended Prr)11is[Oh.~-

l\lthou1;h nonlinear stalic analysis has only recently b.:cn included in de, ign provisions for new building constroc11rm, the 
procedure rtscltis not new and has been used fOJ many years m both re carch and design applications_ Por ex mpk, 
nonlrrtc.ar stauc analysis has bct!n used for many years as u standard methodology in tht! de~rgn or ~he offshore platform 
structures for hydrodynamic effects and has been adopted recently in ·cvcraJ ~tandard methodologie. for the seismic 
evaluation and rehabilitation or btJi I ding structures, inc luding the Ui:C"ommended Sc:i.tmic Dexign Crileti(.1.fnr New Stee( 
Momenr-F'rame Buildings (FEM/\ 350 2000), Seismic f?l'hahil11,11icm of £xis,i11g 81.1 ildi11gs (ASCE/ SE l 41-06, 2007). and 
Se,smh· £ va/11uflon and Retrojil oJCvncrete Building.,· {Applied Technology Council, 1996) . Nonlinear slalrc analy ,s also 
forms the basis for ea rthquake loss cs1ima11on procedures contained in the earthquake module of the mullihuzard ~onware 
application HAZUS-MH MR2 (FEMA, 2006) and its Advanced Engineering Building Module (FEM/\, 2002) . A crr tical 
n:vkw or and 1mprovemen1 to nonlinear static analysis methods, Impro vement of Nunlinea1· Slatu.: Sei.~mic Analysis 
Procedures, wn published as FEMA 440 in 2005. Although ii docs not c1tplicit1y appear in the Provisions, the nonlinear 
static analysis methodology also fom1s che basis for the equivalent latenil force procedures contained in the prov1si0ns for 
basc-i oluted su-uctures and struc1ur~s with dampers. 

One of the controversies surrounding lhc introduction of !his methodology into the Pru,,ision.,; relates to the determination ol' 
the limi·t deformation (sometimes called a target displacement) , Several methodolog1cs for estimating the aniount or 
deformation induced in a s trucrurc as a result of eanhq_uake ground shaking have been prop0sed and arc included in various 
adoptions of the procedure_ T he approach presented in thts paper rs b~sed on stahst1cal correlations of the displacements 
predicted by linear and nonlinear dynamic analyses ofstruccan:s rccommcndcll in the Fl:MA 440 report (2005) nn the 
evaluatr .m of inelastic eismic analysi1, procedures. 

A second controversy relates to the limited availability of con ensus-bascd actcptancc crncna to be used to dctenninc the 
adequacy of a design once 1he forces and deformation~ produce<;! b design earthquake ground ~haking art' estimated. IL 
should be noted that this limi1arion applies equally to the nonlinear response history .approach. which already has been 
adopted into building codes. 

A third controversy rulalcs to the effects of highe r mod~s (or mul!r-dcgrcc-of-frc~dom c[tcc:t.~ !'or tnicture · rcspon<l,ng 
nonlinearly) on response quantities I r t ' n.knllfi I hf'a 1 ,. h t . ,p,m ,. m lit ii.: I I ·rm inc hv 
wrn 111.:,u ... 1:11· 1. na l ~1 ., tho 1. di.;h: lilt 11: n- I 1 11 1J u1 10\~ r ,.. u u~ · if 
' ~ n n li or r ti· 1 1 ~. • ,f ,._. r, ~1; 1 1 It 11 t t , This 
limitation has resulted m the nonlinear static procedure being located m Part 3 of 1he Proviswns_ The nonlinear sla ic 
proc durc may be used to ensure that s1rucrures designed according to the equivalent latera l fore~ procedure achie e slnmgths 
comparable to code cxpcctalion.s. lntcrstory drifts a re conipar d with tabula1cd allowabl~ ;; tory dr1ft~ to maintnin consi. tcnc> 
with past practice, although it is rec:oi,rnized !hat larger inter. tor drifts should be anticipated due to higher molle or multi
degrcc-of-frecdom effects. 

Nonlinear staLic analysis provides a simpl ified method of dircc1ly evaluating nonlinear response of structur • m ~trong 
carthqua ke ground shaking. that can be an auractive alternative to the more comp lex procedures or non I mear response history 
ana lysis. 11 may be useful for characterizing system strength and stiffness and for establ ishing that the structure dcvdops a 
d<:!iirablc inelastic mechanism. 
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2009 NEHRP RccomrrtendrulSeisn1ic Provi.fions 

The tandard addresses these ob1cc11vcs by requiring that each strucnire be ao;signed ro one ofthc four occupancy cacegorics 
presented in Chapter 1 and by r.issii,,ming un imponance factor to the structure based upon that occupancy category. (The tw 
lowest categories, Ordinary and Low Hazard, are combined for all pu!l)oses withio the seismic provisions). The occupancy 
category Is then used as one oflwo comp.onenti. in determining the Scismk Design Category (see Sectron Cl 1.6) and is. a 
pnmary factor in setting drift limits for bui)cling structures under the design earthquake ground motion (see Section Cl 2.12) 

Figure Cl l .SL I show-s the combined i ntent o f these requirements for design . The vertical scale is the likelihood of the ground 
motion with the MCE befog the rarest considered. The hori:.tontal scale is the level of performance of the structure and 
attached nonstrucrural components from collapse prevention at the low end to operational at the bigb end, (These 
performance levels arc discussed further al other locations in the common!.ary.) The basic objective of collapse prevention at 
th.e MCE for n;.11, ~} 1.l n.;. I 11 "" C · i shown at the lower right by the sohd triangle; protection from 
life-threatening damage at the design ground motion defined by the standard as two-thirds of the MCE) is shown by the open 
triangle , The perfurmance implied for higher occupancy categories is shown by square and circles . The performance 
anticipated for less severe ground motion is shown by dotted symbols. The three (net) clil!ises and the numerical values 
as!-ig.ncd arc far too coarse to assure the portrayed outcome for all structures, but it is judged to be adequate for the purpose 
given present lim1tations of knowledge and tools. 

GROUND 
MOTlON 

Prc4ucnl 

Design 

MCE 

PERFQR..\l!ANCf-: LEVEL 

~ ~rioo,1 
Immediate 
Occupancy Life Safety Coll;,pSe l 

Prevention 

I -I , . () -U: rdmary 

figure C11.5-1 Eii;pected performance as related to occupancy category {OC) 
and level of ground moll on. 

C 11.5.J J mportance Factor. The importance factor is used throughout the standard in quantitative criteria for strength. rn 
mos1 of those quantitative criteria the i,nportance factor is shewn as a divisor on, the factor R or RI' in order to send a 
message to designers that the objective is to reduce damage for important stTucturcs in addition to preventing collapse in 
larger ground motions . The Rand RP factors adjust the computed linear elastic response lo a value appropriate for design: in 
many strucrures, the largest component of that adjustment is ductility (the ability of the structure to UJ1dergo rcl)cated cycles 
of inelastic strain in opposing directions) . rnelast1c strain damage!i a structure llO. for a gi,,ron strongth demand, reducing the 
effective R foctor (by means of the imponance factor) increases the required yield strengtJ1, thw reducing ductility demand 
and related damage. 

Cl l.S.:Z Protected Access for Caregnry rv Structures. Those structures considered essential facilities for response and 
recovery effons must be accessible to carry out their purpose. Por examplo, if the collap c of a simple canopy at a hospital 
could block "l;Unbulances from the emergency room admittance area., the canopy must meet the sa1ne , tructural standard as th~ 
hospital. This requirement must be considered in the siting of essential facilities in densely built urban areas. 
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A.3 ASTM A615 Material Properties 

a e T bl A4 S ummaryo f A6L5 t ens10n oropc rt.I. cs. 
bar size 
batch 
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Figure A3 Axial stress-strain curves for A6 l 5 reinforcing steel. 
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Standing Up and Pushing Back 
i\mo11p, the terhn,cal 1euwm thfJt fi,mu:dparr of the I 4 I 11 An1111al 
Civrl F..nJ:ineermg Conjenmce. whith wm· ht/din Memphi;. Ten
rtes.ree. in Octolx1; 11.;aJ fl oric-hour mninar mtilled Ethical E11gi
r1eer111t, Sit11t1tiom in S11Jra1nahility. l..ed hy Steve Sturrett. Ph.D .. 
P. r: .. f) WR . F. A.\'CE. an 11Jsoi:iale p1ef11Is<Jr o(r"i.wl e11!{ir1tem1,g at 
Kam·(ls StdU (111.iverrity. and j&aurhzg rktts />(!Jfor111ed by m,dems 
/t'WI the Uru/lflt'Jity ef MevtphJJ ernd the U11ited fates Mili1ary 
A(t.1@1tJ' at West P11i11t, the .remiru1r 1/l,mn,rted the sor,11:t1meJ d.i.f 

{IC7tft bal.anrt: IJl!lu-'f!m a11 engineerJ ditties toa rlimt and his (JI' ht!r 
ohLigatitJn t/J Jl!n,'I: the pnbiic tn/MJt and pnren.'t fWJUJra/ n!!(Jl/rtes, 

This article ir based (jn one of tlx,se skits. 

SI JlON: Barron Springs Pool, in Ausc111 1 Texas, isa man
madi: pool cnrnm_passjng appmxi marely 3 acres. fed by un
cJergtound springs and having an avecagc year-round waccr 
rem~rarurt.' of 68°.1-: che pool has for many decades scrvcJ 
asa popular swimming and reccearional site for local resi
dents and murisrs alike. The _pool anJ its sLlrrounding an"aS 
are al!;O the sole .habi car of the Barron 5pn ngs salamander, a 
gilled salamander listt.-<l as an endangered sp:.'Cic...s-. As a ,w
sulc of the sm:'s scams-as a prorecred habirar-anJ as a .recre
ational site, rheCity of Austin has adopted suicr wgufa.rions 
co ensure char upstre-am development does not pollut~ rht: 
wattr and rhrearen cht hahirar. 

In rru: s1ruation porrray<.,-d Junng the seminar. o real es
tace devdo~r ha!. purchased a plor or!and in die Barron 
Springs drainage basin and intends co use it to consrrun an 
aparrmenr complex. The cJeveloper is SL,ekin8 approval from 
rh<.: ciry healrh deparunem cu construct os(:pti( sy. cem on 
th<: site and hire; a local engineering firm ro c.:arry out per
colanon cesrs in suppon of rhe perrmr appltcacion 11,ere is 
only a narrow window ofavailabiliry in rhC' am:i's consrruc
rion season, and the Jcveloper is eager ro ohrain che permit 
so chat grounJ can be brokl,n, 

An ASCE m1.wber and hydraulic ~ng,neer is as . ..,1gned tht' 
rask of collecring ·oil samplt!S and runnin,t1 th1.: percolacio.n 
ttst.s. However; o chc four rests he conduces, only r<.vo sam
plt:s show sufficient percolation races~ and he believes the 
ciry ht'althdt!fl'a.rtmem will noc approw :1 r,trmir tr<L~ed on 
these rtsult.c.. The cnginef;r shares his reiiulrs with hi~ man
ager, who communicates rhe problem m the dcvt'lo_ptr. 

T n resp;ns<:. the tkvdoper scaccs rhac rhe septic sy'.>tem is 
esst'.nrii1l m rht' pmjecr. He poims ou char the cwo w1favo.r~ 
ab!<: rest r~ulrscould be in error and su~f'StS that rhc firm 
submit only rite rwo resulcs that burrress hi s. perrnir applirn
rion. Hi:also emphasizes char he has long been adicnr of rhe 
engineering firm :l.Ild char- he expt'Cls chc new c.levdopmt'nt 
ro generate murh more work for the furn 11i rhe fumrt-. 

The manager i.;alls the engineer inco her office and grills 
him abour cht· ttSl resulcs, seekin!\ m <lernnninc wherher 
thl' unfavorablt resulcs coukl be faul cy. The <.-ngi neer. sraces 

rAn I ri v ii rM n i11Pp ri11 n t lll&Rt 10 I 

char he double-clwckc<l hi.s results and found noching "un
usual ·· ro suggesc an error in the data. H poiocs ouc r hat , 
1f rhe- soil dlx.-sn 't perco'lat1e sufficicncly, runoff from rhe 
dr,Una,~e fie ld tould encJ up in Barton Spnngs Creek-. rhere
hy c.:<,>ncarrunaring the pool anti ks ~urrounding areas. The 
member scares that it is egually possible than he "good·· re-
suits are erroneous Md t!iat the: only way to be sure of rhe 
results is ro conducr adcu rional t~t,'>, 

·nw manager insist<; that rh<: firm has n<:\1er mlSSt'<l 1cs dead
l1n<'l, and char che <levcloper is noc a diem she-wishes co alien
ate. She scares chac rht: i:ngmeer needs to "make ir work"' wich 
che datll he ha~ and that if a few resulcs oet.'d co be scrapped be
cause of f.X)S.Sible errors. rhen char 1s whac he should do. 

QUE O : WouJd the hydraulic 1.·ogim:cr's ~ubm.ission of 
only fuvorablc percolation test results co che t: ity healrl;i de
parrmtnt Violace ASCE's Code of Ethics? 

DI CUSS ON: Ca.non 3 of che code is unambiguous: "Engi
neer.; .~ha ll issue publicscaremems only in an objective and 
r. rurhful manner." Caregory (b) in the .guideli nes ro practice 
foC' 1 h1 canon adds the following: "tn!linl:<!rs shall be objec-

nvt ancl rn.1 rhfol in professional rcpons, sraremems. or te$

rimony. th<:y shall include-a,11 rclwam and p<:rrinenr infor
marion in uch report ·, statem ncs, or r<.::.rimony.'' 

By omitting the fucr char cwo of his four te.~cs indicac-
t'<l 111.!.ufficienr percolaaon, the engineer would clearly be 
( ·d udtr1g 1oformarion that was relevant to rhe healrh dc
purrmt·nr's dec ision on the permit. Moreov<:r, his choice cu 
t-xdnct~ th('St results wou.lJ nor l:x: based on n.n honest and 
ohj~ctvt' belief rhar cht; d.ica were fuulcy; rather, 1c would 
detive from hi fu-JI of rhc consequences he would face if 
lie ~rmic were denied . lo submitting an incomplert' an<l 

!> ,ru 1rt"t! report , the ASCE memh<.:r woul<l thus be v10lat1ng 
I -~ ul; l1garions unc.lc:c canon 3. 

V.inon l also is rcl('vant: "Engineers shall hold para
mounr the safery, health. and welfare of rne public. .. in the 
rwrfi ,rmance of chcic professional ducies: · ff chc engineer's 
, ,·,11 1ssion of incomplC're or umtuthfu.l test resulcs would 

al.Jc," evcloped propen:y ro pol l ure- the wartn- of Barron 
. p, ~11gs, rhc: rng1ne;er's accions might compromise pubJ ic. 
l1c-alrh and safcry and thus wuo..l<l be in violutio1) of ca.nun l . 
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Partitip-Jncs at the ASCF. ethics seminar noced rhat whilt· 
many cL.encs can be demanding, the engineer had a gccacer 
obligncion co ensure char the proposed development fea
tured a sound wascewarer Jisposal system with an accept· 
able effect on che envimnmem. Many were of rhe opinion 
that the developer .ind the manager in chis ca-;e "had crosS(,-<l 
rhc Linet in pushing che c:ogineer co weed ouc unfavorabk 
resulcs anJ that it was unacceptable for che engint<.·r co .:mh
mir what amounced co a fu.lsified reporr. 

Although the que;ciou of the mc:mber's ethicaJ.obL.gati<;n5 
in this OlS<.' might seem fairly scraighcforward, th~ attend
ing chc seminar noted chac situations of this cype can and do 
crop up in a member's professional life and chac ic m.ighr Ix· 
difficult in practice co resist che pressure co txcludcunfuvor~ 
able daca or invaudare an unfavor.i.b1e rcsulr. Some am:nclee!i 
de:;aibed situations in which they coo had felr pressure from 
supervisors and peers ro accommo<lacc: a valued clicor. 

Others noted char ic can cake a lifetime ro build a profc:s
s1onal reputation but only one p<lor c:ho,ce co descroy one 
One membc:r observed char, over the course ofhjs lengthy 
Lt1reer m the profess.ion, che decisions he looked bock on 
wirh che greatest sense of priJe wer.e chose in which h!! hacJ 
refuseJ co take shortrnrs. 

ACKNOWLEDGMENTS: The skit featured ar che seminar was 
prepared by Steve Scarrecc, Ph.D. , P.F.., D.WIU-:, F.ASCE, 
Carlos E. Bercha, Ph.D., James S. Talian, P.E., M.ASCF., Rc:
hecca Waldrup, P.E .. M,t\SCE, Roger W, Meier, M.t\SCE. 

Pt1rt 1cip.llll al ;1.,,_ \ \< l· tfhn., 

,·t111111,11· 11olt'd thrll u·bi!t. llldflJ d1u1t, 

""' ht dl!l.r1,11!(l1i1g 11.h· ell,r!.Jill..1!1 h"d 
~, lf'e.,/f-t 1/./lf,!./l/ IJ /tJ (!J/,\JTt fhtt/ 
··I / r11f~,,d Ll<.·11:lopn,a,1 /t'lll11nd u 
'i ,1,lt/ i/!t.Zifi.;.:.ll rift t d11/1tJ,1c,/ ) \{i!II/ 

Perer A. Sht:ydayi, P.E, O.WRll, M,ASCE, anJ David J. Pru
sak, P.f.., D.WRF., M.ASCE. Special t11anks ll:ft in order to 

Steve Starrett for bis valuable suggestions fo_~ chis co1wnn. _ 

MeJflliers 1J.1ho h..11/e rm ethicr q11c.i·tirm hr woJJld frki: II) jik a C()flt· 

plaint with the Cr.1111nittee on p,,ojessional C(J'flduit may call .4SCE'.r 
hotli11eat (703) 195-6061 udHOO) 548-ASCE (27 23). cxten
cian (-,()6 J. The 1.#/Qt11eys staffing thi.J line can fm>t>idc advice on /x,w 
tr, htmdle an ethics m111.' 11r fik a cmllplaim. Plr:ase nnte that individ-

1111/ facts andcircu11Jifan,:es vaqfmm (aJtt to 
Ci:Jst and that the genera! sm11111ary inftmlla-
1 ion f()rtku ned i11 thele case studif!J· z.s not to 
he COnJlrtle4 ,IS (I precedent hilldmg t.Jpt)n lfX: 

SacielJ: 

T art1 I iok.e i.s ASCE '.i msist.,JU general 
coumel and a 1'Q11/rib11ting edi to,: 1(/ Ci· .. i-! -
Engi neeri ng · 

JANUARY 2012 Civi l Engineering [ 41 J 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

September 20, 2012 

MEMORANDUM TO: Edwin Hackett, Chair 
Bahqwat Jain, Member 
Gordon Bjorkman, Member 

FROM: Glenn M. Tracy. Director A -;v. .~ ~ 
Office of New Reactors U-- , 

SUBJECT: AD HOC REVIEW PANEL - DIFFERING PROFESSIONAL OPINION ON 
THE AP1000 SHIELD BUILDING (DP0-2012-002) 

In accordance with Management Directive (MD) 10.159, "The NRG Differing Professional 
Opinions Program. " I am appointing you as members of a Differing Professional Opinion (DPO) 
Ad Hoc Review Panel (DPO Panel) to review a DPO that was forwarded to me to disposition. 

This memorandum supersedes my August 29, 2012, memorandum. Bhaqwat Jain is replacing 
David Jeng as a member of the OPO panel because of Mr. Jeng's impending retirement. 

The DPO (Enclosure 1) raises concerns related the AP1000 shield building which was reviewed 
and approved by the staff and certified through Commission rulemaking. 

I have designated Edwin Hackett chairman of this DPO Panel and Gordon Bjorkman as a DPO 
Panel member. Bhaqwat Jain was proposed by the DPO submitter and serves as the third 
member of the DPO Panel. Panel membership has been discussed with the DPO submitter and 
he has no objection. In accordance with the guidance included in MD 10.159 and consistent 
with the DPO Program objectives, I task the OPO Panel to do the following: 

0 Review the DPO submittal to determine if sufficient information has been provided to 
undertake a detailed review of the technical issues. 

U Meet with the submitter, as soon as practicable, to ensure that the DPO Panel 
understands the submitter's concerns and scope of the issues. (Normally within 7 days.) 

U Promptly after the meeting, document the DPO Panel's understanding of the submitter's 
concerns, provide the Statement of Concerns (SOC) to the submitter, and request that 
the submitter review and provide comments. if necessary. (Normally within 7 days.) 

0 Maintain the scope of the review within those issues defined in the original written DPO 
and confirmed in the SOC. 

0 Consult with me as necessary to discuss schedule-related issues, the need for technical 
support (if necessary), or the need for administrative support for the DPO Panel's 
activities. 

Perform a detailed review of the technical issues and conduct any record review 
interviews, and discussions you deem necessary for a complete, objective, independent, 
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and impartial review. In particular, since this concern relates to a Commission-approved 
regulation (i.e. the AP100 Design Certification, Title 10 of the 
Code of Federal Regulations (10 CFR), Part 52 Appendix D), the panel should evaluate 
the technical merits of the DPO to determine if there is a sufficient basis to initiate the 
rulemaking process to modify 10 CFR 52 Appendix D. The panel should use the criteria 
in 10 CFR 52.63 "Finality of standard design certifications" in considering the need for a 
change to the AP1000 Design Certification. 

If the panel recommends that a change to the AP1000 Design Certification should be 
pursued through rulemaking, the panel should then consider what, if any, actions should 
be taken on the AP1000 COL holders (Vogtle and Summer). Specifically, the panel 
should determine if the Vogtle and Summer site-specific Safe Shutdown Earthquakes 
(i.e. each specific design basis) would also raise concerns requiring regulatory action. 
The panel should evaluate the site-specific concerns using the criteria in 10 CFR 52.98 
"Finality of combined licenses; information requests" in determining the need for site
specific backfits. 

In addition, since the Commission issued the Aircraft Impact Assessment rule (10 CFR 
150) as a beyond-design-basis requirement (as opposed to an "adequate protection" 
rule) , the "adequate protection" basis for a proposed backfit does not appear relevant 
with respect to the aircraft impact protection concerns. To the extent the panel finds that 
10 CFR 50.150 was not complied with the panel should consider which of the backfit 
criteria found in 10 CFR 52.63 and 10 CFR 52.98 should apply. All of the elements of 10 
CFR 52.63 and 10 CFR 52.98 appear relevant to the seismic safety concerns. 

The DPO Panel should re-interview individuals as necessary to clarify information during 
the review. In particular, the DPO Panel should have periodic discussions with the 
submitter to provide the submitter the opportunity to further clarify the submitter's views 
and to facilitate the exchange of information. 

0 Provide monthly status updates on your activities via email to Renee Pedersen, Differing 
Views Program Manager (DVPM) at the end of each month. This information will be 
reflected in the Milestones and Timeliness Goals for this DPO. Please provide a copy of 
email status updates to the submitter and to me. 

0 Issue a DPO Panel report, including conclusions and recommendations to me regarding 
the disposition of the issues presented in the DPO. The report should be a collaborative 
product and include all DPO Panel member's concurrence. Follow the specific 
processing instructions for DPO documents. 

Consult me as soon as you believe that a schedule extension is necessary to disposition 
the DPO. 

0 Recommend whether the DPO submitter should be recognized if the submitter's actions 
result in significant contributions to the mission of the agency. 

Disposition of this DPO should be considered an important and time sensitive activity. The 
timeliness goal included in the MD for issuing a DPO Decision is 120 calendar days from the 
day the DPO is accepted for review. The timeliness goal for issuing this DPO Decision is 
November 13. 2012. 

Process Milestones and Timeliness Goals for this DPO are included as Enclosure 2. 
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The timeframes for completing process milestones are identified strictly as goals - a way of 
working towards reaching the DPO timeliness goal of 120 calendar days. The timeliness goal 
identified for your DPO task is 70 calendar days. 

Although timeliness is an important DPO Program objective. the DPO Program also sets out to 
ensure that issues receive a thorough and independent review. The overall timeliness goal 
should be based on the significance and complexity of the issues and the priority of other 
agency work. Therefore. if you determine that your activity will result In the need for an 
extension beyond the overall 120-day timeliness goal, please send me an email with the reason 
for the extension request and a new completion date. I will subsequently forward this request to 
the DVPM who will forward it to the EDO for approval. 

Please ensure that all DPO-related activities are charged to Activity Code ZG0007. 

Because this process is not routine, the DVPM will be meeting and communicating with all 
parties during the process to ensure that everyone understands the process, goals, and 
responsibilities. The DVPM will send you information intended to aid you in implementing the 
DPO process. 

An important aspect of our internal safety culture includes respect for differing views. As such. 
you should exercise discretion and treat this matter sensitively. Documents should be 
distributed on an as-needed basis. In an effort to preserve privacy, minimize the effect on the 
work unit. and keep the focus on the issues, you should simply refer to the employee as the 
DPO submitter. Avoid conversations that could be perceived as "hallway talk'' on the issue. We 
need to do everything that we can In order to create an organizational climate that does not chill 
employees from raising dissenting views. 

As a final administrative note, please ensure that all correspondence associated with this case 
lnclude the DPO number (DP0-2012-002) in the subject line, be profiled in accordance with 
ADAMS template OE-011 , be identified as non-public and declared an official agency record 
when the correspondence is issued. Please email the ADAMS accession number for the record 
to DPOPM.Resource@nrc.gov and the record will be filed in the applicable DPO case file folder 
(DP0-2012-002) in the ADAMS Main Library. Following th is process will ensure that a complete 
agency record is generated for the disposition of this DPO. If the submitter requests that the 
documents included in the DPO Case File be made public when the process is complete, you 
will be provided specific guidance to support a releasability review. 

As a final administrative note, please include the DPO number (DP0-2012-002) in the subject 
11ne for all correspondence and DO NOT place records associated with this case in 
ADAMS. I have specifically requested the DVPM verify that the information within this DPO 
does not contain any proprietary information requiring specific controls. The results of this 
verification will be provided to the panel by the DVPM along With any appropriate actions. 
Distribute hard copies to those identified on correspondence and email a pdf of the signed 
original to those identified on distribution and to DPOPM.Resource@nrc.gov. Docurnents will 
be consolidated in one record , "DPO Case File" and placed into ADAMS when the DPO process 
is complete. If the submitter requests that the DPO Case File be made available to the public 
when the process is complete, I will ask you to help support a releasability review. 

I appreciate your willingness to serve and your dedication to completing an independent and 
objective review of this DPO. Successful resolution of the issues is important for the NRC and 
its stakeholders. If you have any questions, you may contact rne, Joe Williams, NRO Open, 
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Cooperative Work Environment Champion, or Renee Pedersen, DVPM, at (301) 415-27 42 or 
email Renee_Pedersen@nrc.gov. 

I look forward to receiving your independent review results and recommendations_ 

Enclosures: 
1. DP0-2012-002 (via hardcopy) 
2. Milestones and Timeliness Goals 

cc w/o Enclosure: 
Submitter 
DVPM 
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DPO Milestones and Timeliness Goals 

DP0-2012-002: Acceptability of AP1000 Shield Building 

Assigned to: Glenn Tracy, NRO 

DPO Panel: Edwin Hackett, Chair; David Jeng, Member; Gordon Bjorkman, Member 

Timeliness 
DPO Milestone Goals* Actual Date 

Individual submits DPO (NRC Form 680) None 7/5/2012 

DPOPM receives, screens, and accepts DPO 8 days 7/16/2012 

DPOPM forwards DPO to office manager 7 days 7/18/2012 

Office manager establishes DPO Panel 14 days 8/29/20121'* 

9/20/2012-* 

DPO Panel conducts review and issues report 70 days 
- meets with submitter (==7 days) 

- establishes Statement of Concern (==7 days) 

- confirms schedule with office manager (==7 
days) 

- completes review (;:; 49 days after start of 
review) 

- writes report (==21 days after completion of 
review) 

Office manager Issues DPO Decision 21 days 

DPO TIMELINESS 120 days 

(time from acceptance of DPO to DPO Decision) 11 /13/ 2012 

*The timeframes for completing process milestones are identified strictly as goals-a way of 
working towards reaching the Differing Professional Opinions (DPO) timeliness goal of 
120 calendar days. 

The timeliness goal for dispositioning a DPO (i.e., DPO Decision) will be established as 
120 calendar days after a DPO has been accepted for review under the DPO Program. 

Office managers should send requests for extension beyond the 120-day timeframe to the 
Differing Professional Opinions Program Manager (DPOPM), who will forward the request to the 
Executive Director for Operations with a recommendation. 

** Additional time was required to identify qualified panel members agreeable to the submitter. 
***New panel member designated due to pending retirement in coordination with submitter. 

Enclosure 2 
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I. Introduction 

The major disagreements between the DPO panel’s reports and my DPO and the subsequent submittals 
can be summarized as below:   

1. While I consider the AP1000 shield building SC wall element and the wall to be brittle in shear, 
and thus not meeting the requirements of ACI Code, which is the design basis of the AP1000 
shield building, the DPO panel considered it to be ductile with a ductility ratio of  in shear and 
meeting the required ductility ratio of  that was jointly established by the NRC and 
Westinghouse 

2. While I consider that the in-plane shear strength of the three feet thick AP1000 shield building 
SC wall, as specified in the ACI Code, has been exceeded by the in-plane shear stress under 
loading conditions, including the safe shutdown earthquake (SSE) load, and has been 
significantly exceeded by the in-plane shear stress under loading conditions, including the 
review level earthquake (RLE) load, the DPO panel concluded that the shield building wall can 
resist in-plane shear stress generated by the RLE, and that the wall satisfies NRC seismic margin 
requirements 

3. While I believe that the staff’s and the DPO panel’s conclusion that the aircraft missile cannot 
penetrate through the SC wall is illogical, the DPO panel believes its conclusion logical 

 
These three major issues will be discussed in the following sections after a presentation on how safety 
was determined in ancient Rome and its evolution and in modern days. 
 

How safety was determined in ancient Rome 
 
The safety of a bridge in ancient Rome was tested after its completion by requiring the design engineer 
to stand under the bridge while chariots drove over the bridge.  They know that the bridge will have to 
resist the load of chariots passing over it, but had no scientific method available to judge whether the 
designer’s “opinion” that his design was safe was true or not.  Therefore, by requiring the bridge 
designer to risk his own life during the acceptance test was not only a way to hold him accountable but 
also to motivate him toward a safer design.    

How has the safety issue been evolved and determined in modern days 

Galileo was the first one to investigate the behavior of a beam subjected to bending in 1638, and since 
then laboratory testing was performed to obtain “strength” of structural elements and members.  
Testing equipment has recently advanced to a point that an entire seven-story building had been placed 
on a testing equipment of a shake table subjected to input of simulated earthquake ground motions, 
and the roof movements had been recorded and compared with the movements predicted by a 
structural analysis method, which had been verified to be correct and applicable to concrete structures, 
during the entire period of simulated earthquake ground motions (see slides 33 and 34 in reference 1).   
Structural analysis methods, if verified to be correct, can predict the “stress” in different locations in 
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buildings.  Modern Structural engineering analysis and design of concrete structures have long been 
moved away from individual “opinion”, as the ancient Rome did, and instead is aimed at quantifying a 
building’s safety by a safety factor, which is the ratio of “strength” to “stress”.   The safety factor must 
be greater than 1.0, and should never be less than 1.0.  The greater the safety factor, the safer the 
design of the building.   

Scientific test data on “strength” for structural members, or elements, or entire buildings, and the 
requirements for proper analysis methods to obtain “stress” in buildings are disseminated in building 
codes.  The proper analysis and design methods to achieve proper safety factors for concrete structures 
are provided in standards, and recommended practices for specific structural members, such as 
structural (shear) walls, which are also applicable to the shield building wall, are provided in design 
guides.  Based on the analysis and design procedures and acceptance criteria that are stated in codes, 
standards, and guides, safety factors for buildings including the shield building can be obtained 
objectively.  These objectively obtained safety factors are used to design or review for the safety of 
buildings in modern days.  

To achieve the safety factor for elements (modules, or sections), and the entire building, the design 
process for concrete structures, including shield buildings, is a trial-and-error procedure, which proceeds 
as follows: 

1. Design all elements (members, modules, sections) used in the building to be ductile 
2. Design the entire building not to fail in brittle modes, such as shear or torsional failure modes 

or compression buckling mode, but to eventually fail in ductile modes, such as flexure 
(bending) mode, so that the building will possess a great amount of energy absorption and 
dissipation capability to counter and resist the energy imparted to the building generated by 
the earthquake ground motions or missile impact 

3. Assume a geometry and a thickness of the wall for the building 
4. Subject the assumed building to seismic analysis, such as a SSE or RLE condition, and obtain 

stresses at all locations or elements (sections) in the building  
5. Add the stress from the seismic analysis in step 4 to stresses obtained from other loading 

conditions in accordance with the ACI Code’s loading combination equations 
6. Calculate the strength of wall elements based on the equations specified in the ACI Code 
7. Compute the ratio of the calculated strength in step 6 to stress in step 5 
8. If the ratio is greater than 1.0, it demonstrates that the assumed geometry and wall thickness 

are appropriate.  If the ratio is less than 1.0, which means that the strength is less than the 
design stress, or the safety factor is less than 1.0, that means the building is unsafe, the wall 
thickness must be increased to increase the wall strength to make the safety factor greater 
than 1.0 if the geometry of the building remains the same 

9. Repeat step 2 through step 8 until the ratio of strength to stress (the safety factor) is greater 
than 1.0  

The above steps are not only typical but also necessary for the design process of concrete buildings by 
building designers, and for the review process of concrete buildings by building officials (plan reviewers) 
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for conventional buildings and the NRC reviewers for nuclear power plant buildings.  These steps in the 
design or review process were established and practiced by the structural engineering community, and 
the acceptance criteria were obtained from scientific test results. 

By following these steps, it will be shown that the AP1000 shield building wall does not meet the 
ductility and safety factor requirements, which indicates that the design is incomplete and unsafe.  

How has the DPO panel determined the safety of AP1000 shield building wall 

The DPO panel’s safety conclusions were based on “opinion”, similar to the approach of the ancient 
Rome bridge designer’s “opinion” minus accountability.  Some of the opinions expressed by the DPO 
panel will be described below to show that the DPO panel’s approach by using “opinion” is wrong and 
dangerous to the safety of the AP1000 shield building. 

II. Is the AP1000 shield building wall element and the wall brittle or ductile in shear? 

II.1 The wall element was tested “brittle”, but became “ductile” in the DPO panel’s opinion 

II.1.1 The red curve 

The AP1000 shield building wall element failed in a brittle manner during the shear test, 
as required in step 1 of the design process.  The brittle failure can be seen in the red 
curve below.   
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      II.1.2 The newly found test data by the DPO panel 
 

The DPO panel stated in its latest report (see page 2-2 in reference 2) “As discussed 
above, the SC panel with wide tie rod spacing demonstrated ductile behavior with a 
ductility ratio of  when tested with a shear-span-to-beam-depth ratio of  and so 
exceeds the ductility ratio of  that Dr. Hsu considers reasonable as quoted in page 5 of 
the Submitter’s letter.”   

 
     II.1.3  The newly found test data is a flexure test, not a shear test 
 

The NRC consultant, Dr. Vecchio, stated in his December 3, 2009 letter (reference 3), 
“Three full-scale out-of-plane shear beam tests are being proposed. The test specimens 
will be more consistent with actual Shield Building SC wall details than was the case in 
the previous plan for these tests, and thus this is an improvement. However, it is being 
proposed that the three tests be done with  

 It is my fear that, with these span-to-depth ratios, the tests may be inconclusive 
towards verifying the out-of-plane shear capacity of the wall detail.  

 moreover, Takeuchi et al. conducted a 
number of tests at this span-to-depth ratio, so another test under the same condition 
will not add significantly to the verification process. At the other extreme,  

 so it will likely add 
nothing to the verification study either. My strong recommendation is to conduct the 
tests under conditions which are likely to be shear-critical and which are not well 
presented in data available from the literature;  are 
recommended.”   
 
If  is almost surely to be governed by flexural failure as stated by Dr. Vecchio, the 

 would definitely be governed by flexure failure.  As stated in Dr. Vecchio’s 
letter, the  are shear test, and the  is flexure 
test.   
 

     II.1.4  How the shear strength and ductility be determined through tests 
 

As stated above in Dr. Vecchio’s letter, that it was his fear that the three tests proposed 
by Westinghouse may be insufficient to find the lowest value of out-of-plane shear 
strength for the wall.  The purpose for testing the three  for 
the wall element with a specific design (wall thickness of three feet with  

 which constitutes a specific shear reinforcement index value as 
stated under Section 1.2, “Structural Engineering Principles for Seismic Design” of my 
DPO) was in searching for the minimum value of shear strength and ductility for the test 
wall element only if the test results meet the acceptance criteria.   If the test results do 
not meet the acceptance criteria, a new design for the test wall element would be 
required.  Therefore, even test values from other a/d ratios for the same shear 
reinforcement index showed more strength and ductility, they should not be used to 
replace the most brittle value or to average them out because the most brittle value 
governs the failure and should be used for the design or review of the wall.   

  
      II.1.5 The DPO panel’s method to find shear ductility is wrong and dangerous to safety 
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The DPO panel’s method to choose the highest value among all tests as the wall’s shear 
ductility is wrong and dangerous to safety because engineers should always choose the 
lower value for the design in order to be conservative and choosing the lower value is 
also a common scenes approach. 

 
      II.1.6 The DPO panel did not resolve the ductility issue in a timely manner  
 

The DPO panel, after two and half years working on the resolution of this fundamental 
design issue of “brittleness” in shear that I stated in my DPO, dropped a bombshell 
revelation for the first time that it had found a test indicating that the wall element was 
more ductile, with a ductility ratio of  than it is required, which is   The DPO panel 
even blamed on me for not mentioning this test in the past by stating, “However, the 
submitter fails to mention this test in any discussion.”  Why should I have to mention a 
“flexure” test that has no relevance to my previous submittals, which were only related 
to “shear”?   If the DPO panel had a doubt on why I did not mention this test, it could 
and should have asked me about it, then we would not have had to waste the two and 
half year time and still stuck in such a terrible situation in arguing about the most 
fundamental design issue of shear “ductility” for concrete structures in general and the 
AP1000 shield building in particular.    

 
       II.2 The DPO panel’s misunderstanding of data comparison, and lack of action to resolve it 
 

The panel’s report, dated February 24, 2014, stated that the SC module #2 (the red 
curve) would have significant yielding and ductility had a  
been applied to the specimen as it did to the RC specimen, and called the comparison 
misleading and the conclusions drawn from the comparison not valid.  I responded in 
my March 27, 2014 report (reference 4) to Panel’s statement as follows: 

The panel’s argument “When the shear failure occurred in the  
 Had the SC panel’s shear strength been 

 significant yielding and ductility would have been observed” is 
incorrect because the brittle failure occurred due to the fracture of the tie wire, not 
the yielding of the steel plate.  The reason of the failure was so brittle is due to the 
combination of insufficient amount of tie wires and the brittle nature of  

 being used, which is not allowed by the ACI Code (60 ksi 
maximum).  
In response to Gordon Bjokman’s email request, dated May 3, 2013, 9:38 am, I 
forwarded the information “RC vs. SC” to him in the attachment of my email, dated 
May 3, 2013, 10:03 am. 
In that “RC vs. SC” information email, I had specifically requested that Dr. Hsu to 
double check and verify the correctness and applicability of the diagram, which was 
prepared, and sent to me, by Dr. Mo.  As can be seen in the response of the e-mail, 
it stated that “Professor Hsu reviewed and confirmed the correctness and 
applicability of the diagram.”   
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Based on my testing experience on RC members subjected to a combination of axial, 
bending, and shear loads, it is my judgment that had the axial stress,  which 
is  been removed from the RC specimen, the RC curve 
would be lowered slightly with an increase of ductility slightly with the area under 
the curve (energy absorption/dissipation capability) remained about the same. 
I believe that Dr. Mo’s curves in the diagram for comparison purpose, with respect 
to ductility and energy dissipation/absorption capability is reasonable, and Dr. Hsu’s 
statement on the correctness and applicability of the diagram is also reasonable.  

Dr. Mo, Dr. Hsu, and I have all personally conducted shear tests, and it is our conclusion 
that the comparison is valid.   

 
Since my response, as stated above on March 27, 2014, I have not been contacted by any one of the 
DPO panel members, or NRC staff members, in an effort to resolve their doubts on the validity of the 
comparison of the two curves.  
 
After eleven months later, I saw on page 5 of Mr. Tracy’s letter (reference 5) that the same issue was 
still unresolved in the mind of the DPO panel, and it continued to accuse my comparison of the two 
curves in the first diagram misleading.  That accusation is false, and the fact is that the lack of the DPO 
panel’s understanding of concrete testing and behaviors of structural members and its inaction to 
resolve the issue had misled Mr. Glenn Tracy into believing that the test wall was actually ductile.   
 
 “The Panel finds the comparison between the SC  test and the RC beam test to 

be misleading because it was never pointed out that the loading conditions were 
different in the two tests. This skewed the results by making the SC panel appear to be 
less ductile compared to the RC beam, when in fact, had the loading condition for the 
SC panel been the same as that for the RC beam, both tests would have very likely 
produced similar results. Therefore, conclusions drawn from the comparison cannot be 
considered valid.” 

 
Since this issue had influenced Mr. Tracy’s decision on the ductility of the SC wall, I am going to address 
and resolve it below.

First, look at the two curves (red and blue) separately or assume that each curve is plotted in its own 
diagram with the same coordinates.  There is no dispute that each curve truly represents the shear 
strength and ductility of the respective SC or RC elements.  Therefore, the “brittle” nature of the SC wall 
element, represented by the red curve, is truly brittle because the element failed as soon as the tie wire 
reached its yield strain.  On the other hand, when the steel in the RC element yielded to a strain four 
times its yield strain, the applied force was reversed to the opposite direction until the steel strain 
reached to four times the yield strain, and this completed a cycle, representing the beam or column 
oscillating in a building during earthquakes.  The RC element failed at 12 cycles, which is considered 
ductile enough to sustain earthquake motions.  Whether the comparison between the two curves is 
reasonable or not does not change the fact that the SC wall element (the red curve) is “brittle” because 
it failed at  and the RC element is ductile because it failed after 12 
cycles at the ductility ratio of 4.  
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Does the comparison between the two curves reasonable?  The answer is yes.  This is because that 
research has determined that the shear strength comparison is related to the shear reinforcement 
index.  For two different RC beams having the  their shear strengths 
should be close.  As described in my DPO that the ordinary reinforced concrete element RC had a shear 
reinforcement index pFy=0.16 vs. the  the AP1000 test SC 
element, which are very close to each other, and therefore the comparison is reasonable and 
meaningful.   The fact that the two curves are  

 is a testimony that the  approach is valid, and 
that the influence of the 590 psi axial compressive stress on the RC element while none on the SC 
element had no effect in the    
 
As I stated in the fourth bullet above that had the 590 psi axial compression force been applied to the SC 
wall element, the force would increase the shear strength slightly and reduce the ductility slightly and 
the energy absorption or dissipation capability will remain about the same based on my testing 
experience.  However, the panel’s statement seems to indicate that the influence of the 590 psi axial 
compressive force was so substantial, that had it been applied on the SC wall element, would have made 
the two curves look very close, which I do not agree and would call the statement misleading.  Assume 
that the DPO panel’s opinion were correct that the behavior of the SC wall element would have been 
looked like the RC element (the blue curve) had the 590 psi axial compressive stress been applied to it, it 
does not change the fact that the red curve, which is without the 590 psi axial compressive stress, is the 
one (the most brittle one) has to be considered for the design acceptance because the same SC wall 
element in any particular location in the SC wall will be subjected to shear plus axial compression at one 
time and shear plus no compression at another time and shear plus axial tension at yet another time 
when the wall swings back and forth, during the entire period of earthquake ground motions.  This is 
why ductility should be at all locations and under all load conditions and to guard against all the 
unexpected loadings in addition to the known loading conditions.  

Therefore, there is no need to have a prolong discussion on the effect of this 590 psi axial compressive 
stress on the comparison of the SC and RC elements (or curves) that would be only academic but has no 
impact on the fact that the SC wall element is” brittle”, which is not acceptable in concrete structural 
design in general and should not be accepted for the AP1000 shield building wall in particular.  
 
The DPO panel should and could have resolved or settled this 590 psi axial compressive stress issue 
immediately after my March 24, 2014 response if it still had doubt with my response.     
 
In order to put an end on the issue of “brittleness” in shear of the SC wall element and the wall, the 
following excerpts are provided to enhance the understanding of the brittleness of the SC wall element 
and the wall:    

Dr. Vecchio stated in his July 9, 2010 letter (reference 6), “The test beams representing the Shield 
Building wall detail with  tested in out-of-plane shear (OOPS) at Purdue, 
exhibited shear-critical brittle failures. Westinghouse Electric Corporation (WEC) contends that, even so, 
the result is acceptable because code-calculated strengths were achieved by the test specimens and that 
the design shear forces fall well short of these strengths. However, the load contour plots provided by 
WEC show that, in general, the moment demand-to-capacity ratios are significantly lower than the shear 
demand-to-capacity values. In other words, for out-of-plane action, shear demand is more critical than 
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flexural demand; if the loads were increased in fixed proportion, the wall would sustain a brittle shear 
failure first. This violates the intent of Clause 21.3.4.1. 

Dr. Hsu, stated in his Nov. 14, 2010 letter (reference 7) “The tie bars proposed by WEC are size #6 with 
17 in spacing in both the directions of height and circumference. However, tests at Purdue University 
showed that the SC modules failed by out-of-plane shear in a brittle manner.”  

Dr. Varma, who conducted the tests for Westinghouse, stated that he was sure that all the test 
specimens,  (reference 8)  

Dr. Vecchio stated in his December 23, 2009 letter (reference 9), “However, finally, there seems to be 
agreement from WH that ductility is an important issue and that the response of the Shield Building 
should possess sufficient ductility in its response at all locations and under all load conditions.”  It is 
important to note that the ductility should be at all locations and under all load conditions.  This 
statement contradicted the staff’s belief and statement “The Code does not specify a ductility level nor 
does it specify that ductility should be in every single structural component of the structure,” as 
mentioned above. 
 
Dr. Vecchio stated in his Juluy 9, 2010 letter (reference 6), “In other words, the design shear force is 
dictated by the flexural capacity of the member, ensuring that a ductile flexural failure occur before a 
brittle shear failure can develop. In the case of the SB wall, the  steel faceplates create a large 
moment capacity, and thus the shear capacity required to maintain a ductile failure mechanism is high, 
regardless of the actual out-of-plane shear forces acting.” 
 
Dr. Vecchio stated in his July 9, 2010 letter (reference 6), ’’ Although ACI-349 does not define specific 
target levels for ductility, it is worth noting that it implicitly requires that the failure mechanism be 
ductile regardless of the magnitudes of the actual design loads. Thus, for shear design of flexural 
members, Clause 21.3.4.1 states that “…the design shear force shall be determined from consideration 
of the statical forces on the portion of the member between the faces of the joints. It shall be assumed 
that moments of opposite sign corresponding to the probable flexural moment strength act at the joint 
faces…”.  In other words, the design shear force is dictated by the flexural capacity of the member, 
ensuring that a ductile flexural failure occur before a brittle shear failure can develop. In the case of the 
SB wall, the  steel faceplates create a large moment capacity, and thus the shear capacity 
required to maintain a ductile failure mechanism is high, regardless of the actual out-of-plane shear 
forces acting.” 

Dr. Vecchio stated in his July 9, 2010 letter (reference 6), “The test results showed that for the OOPS 
specimens with span-to-depth (a/d) ratios of 2.5 and 3.5, no significant yielding occurred prior to brittle 
shear failure. Thus, it is not possible to define ductility values based on multiples of the yield deflection. 
The approach adopted by WEC, defining the yield displacement as the point at which the specimen 
achieved the theoretical strength (Vc + Vs), is nonsensical and misleading. 
 
Dr. Hsu stated in his Nov. 14, 2010 letter (reference 7),” More importantly, the requirement of ductile 
shear failure is not intended to guard against the loading assumed in the static pushover analysis. The 
ductility requirement is intended to guard against all the unexpected loadings that are not designed 
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for.”  The statement clearly indicates that the shear ductility is required at all locations to guard against 
all the unexpected loadings in addition to the known loading conditions.  
 
The above excerpts clearly stated that the wall element failed in a brittle manner in shear, and shear 
ductility in the wall element and wall is required and was agreed upon between the NRC and 
Westinghouse.  This information was either presented or available to the DPO panel.  In addition to this 
information, no one can deny the brittleness of the wall element represented by the red curve, and 
claim that he has never seen the red curve.   Therefore, there is no rational basis that could explain why 
(1) the DPO panel could form its opinion that the wall element is “ductile”, and kept it for more than two 
years and all the sudden dropped the bombshell revelation on January 22, 2015, and blamed me for not 
mentioning the flexure test, and (2) the DPO panel would not communicate with me on my responses to 
its questions related to the comparison of test data between SC and RC elements, and then insisted that 
its opinion was correct and mine was wrong in the next report while in fact its opinion was wrong and 
meaningless with respect to the wall design.   Unfortunately, these two opinions of the DPO panel had 
misled Mr. Glenn Tracy into believing that the SC wall was ductile and use it as the bases to reach his 
decision by stating “Based on my review of information provided by you, the Panel, the NRC staff, and 
the insights from the meetings described above, I agree with the Panel’s conclusion that the SC panels 
have sufficient strength and ductility.”(reference 5) 
 
Conclusion on the shear ductility evaluation of the AP1000 shield building wall 

There is no doubt that the AP1000 shield building SC wall element and the wall is ”brittle” in shear, 
and that the DPO panel’s understanding of  the “ductility” or “brittleness” issue is in a state of 
confusion, and its incorrect opinions has misled Mr. Tracy into believing that the SC wall element and 
the wall are “ductile” 

III. Safety factors for shear in the wall are less than 1.0, which indicates unsafe design 

III.1 Function of the shield building wall 

The AP1000 shield building consists of a cylindrical wall, supporting a dome on its top, and is anchored 
down to a concrete basemat.  During earthquakes, the cylindrical wall is the only mechanism in the 
shield building that supports the weight of the dome, and resists the vertical and lateral (horizontal) 
inertia forces and energy imparted to it by the earthquake ground motions.  Therefore, the shield 
building wall must be strong enough to possess sufficient strength to resist theses forces, and ductile 
(tough) enough to swing, or oscillate, back and forth during earthquakes to absorb and dissipate the 
energy imparts to it.    

III.2 Minimum requirements for shield building walls to demonstrate that proper function  

Reinforced concrete shield buildings in the existing operating nuclear power plants in the United States 
were designed to meet American Concrete Institute (ACI) Codes.  The older plants used the ACI 318,  
“Building Code Requirements for Reinforced Concrete”, and the newer plants used ACI 349 “Code 
Requirements for Nuclear Safety-Related Concrete Structures and Commentary.”  The basic 
requirements in the two Codes are the same.  The ACI 349 Code copied the ACI 318 Code and added 
loads that ordinary buildings did not design for, such as tornado missiles, to the design requirements.  I 
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had personally designed reinforced concrete shield buildings based on ACI Codes prior to my joining to 
AEC (the predecessor of the NRC).  As a result of my interactions with the ACI 349 Code Committee 
members, and my review of the ACI 349 Code, the Code was endorsed by the industry and the NRC. 

III.3 General Requirements in design code, standard, and guide that applicable to shield building wall 
design 

ACI Code is a set of rules specifying desired safety goals, and provides minimum design requirements 
and upper limits of material strengths for design in an effort to protect public safety, but is not a 
detailed design procedures nor design aids ( Slides 38 and 39 in Reference 1).  With respect to the 
toughness requirement, ACI 318-08 Code commentary states “the design and detailing requirements 
should be compatible with the level of energy dissipation (or toughness) assumed in the computation of 
the design earthquake forces.”  With respect to the strength requirements, ACI Codes specify upper 
limits of strength (capacity) for each different type of wall failure modes, and these limits were 
established from test data.  These limits imply that a wall reaches one of these limits it may fail or 
collapse.  One of the failure modes in walls is initiated from yielding of steel reinforcing bars in the wall 
and yielding keeps going until concrete being crushed eventually in the wall, and this type of failure 
mode is gradual and ductile and can absorb or dissipate a great amount of energy imparts to the wall 
from earthquake ground motions.  Another type of failure mode is the sudden crushing of concrete in 
the wall while the steel reinforcing bars in the wall have not yielded, or just start yielding, and this type 
of failure is sudden and brittle and does not absorb or dissipate a great amount of energy.  Therefore, 
walls that are part of seismic resistant systems in a building should be designed to achieve ductile failure 
modes.   

III.4 Specific requirements in design code, standard, and guide that applicable to shield building wall 
design 

III.4.1 ACI Codes’ upper limits for shear 

ACI 318-1963 Code specified that the shear stress in walls shall be limited to 10 c
’ .  Section R18.10.4 of 

the ACI-318-2014 Code states “ If the factored shear at a given level in a structure is resisted by several 
walls or several vertical wall segments of a perforated wall, the average unit shear strength assumed for 
the total available cross-sectional area is limited to 8 c

’ with the additional requirement that the unit 
shear strength assigned to any single vertical wall segment does not exceed 10 c

’. The upper limit of 
strength to be assigned to any one member is imposed to limit the degree of redistribution of shear 
force.”     

III.4.2 Purpose of the limits 

Section R11.54.3 of the ACI-318-2014 Code states “This limit is imposed to guard against diagonal 
compression failure in shear walls.” 

III.4.3 Basis for the limits 
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“Modeling and acceptance criteria for seismic design and analysis of tall buildings” (Reference 10), page 
4-8, states “The median ratio of Vtest /Vn was 1.38, with a standard deviation of 0.34, indicating that 
ACI 318 requirements provided a lower-bound estimate of tested wall shear strength.”  Vn represents 
the shear strength calculated by ACI Code’s method.  I handed the shear test data that I had conducted 
to Glenn and the DPO panel members during my September 8, 2014 presentation to them.  My data of 
Vtest /Vn fall between 1.0 and 1.33, which match well with those tested by others that had a mean 
value of 1.38.  The data indicated that concrete diagonal compression failure had occurred when shear 
stress went above, c

’ in individual walls, and therefore the limit of c
’ represents concrete 

material crushing (upper limit) which is brittle failure the ACI Code tries to prevent.   

III.4.4 Recommended shear strength limits for design of structural (shear) wall over the years 

ACI 318-11 Building Code states: “As the name implies, “Building Code Requirements for Structural 
Concrete” is meant to be used as part of a legally adopted building code and as such must differ in form 
and substance from documents that provide detailed specifications, recommended practice, complete 
design procedures, or design aids.”  Therefore, documents that provide detailed specifications, 
recommended practice, complete design procedures, or design aids for structural walls that resist shear 
become the responsibility of the designer and reviewer for the walls.  

After the 1985 Chile earthquake that caused wall damages and collapses, the United Stated National 
Science Foundation sponsored a US-Chile research program.  The result of that program limits the 
maximum shear stress to f’c’ for wall design ( slide 41 in reference 1).  

After the 1994 Northridge earthquake, which caused 57 death, 8,700 injured, and $20 billion property 
damage, the Uniform Building Code that governed the Western States of USA, including California, 
revised its Code in 1997 to limit the wall axial compression force, Pu, to be equal to, or less than, 0.35Po , 

where Po is the axial strength at zero eccentricity, and FEMA (Federal Emergency Management Agency) – 
provided financial support to NEHRP (National Earthquake Hazard Reduction Program), and ASCE 
(American Society of Civil Engineers)  to develop standards for evaluating safety of existing buildings and 
design guides for new buildings.  In 2000 FEMA and ASCE published FEMA 356, “Seismic Rehabilitation 
Prestandard” (slide 47 in reference 1), which states:  

a) “In general, higher axial load stresses and higher shear stresses will reduce the flexural ductility 
and energy absorbing capability of the shear wall”, and thus  

b) “Shear walls or wall segments with axial loads greater than 0.35 Po shall not be considered 
effective in resisting seismic forces,” and 

c) “For shear walls and wall segments where inelastic behavior is governed by shear, the axial load 
on the member Ag fc

 ’ , the longitudinal reinforcement must be symmetrical, and 
the maximum shear demand c

’; otherwise, the shear shall be considered to be a 
force-controlled action.” 
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The wall is considered to be a ductile wall only if the conditions of axial vertical compressive stress is less 
 fc

’ and shear stress demand is c
’ are satisfied.  If not, the 

wall is considered to be non-ductile. 

The 2010 Chile earthquake, and the 2011 Christchurch, new Zealand earthquake had caused wall 
damage, collapse, and buckling.  As a result, the “Seismic Design of Cast-in-Place Concrete Special 
Structural Walls - A guide for Practicing Engineers” by NEHRP (National Earthquake Hazards Reduction 
Program), ATC (Applied Technology Council), CUREE (Consortium of Universities for Research in 
Earthquake Engineering), and was published by NIST (National Institute of Standard and Technology), 
March 2012.   The Design Guide States:  

“Although ACI 318 permits factored shear on individual wall segments as high as Vu = 10
Acv, the flexural ductility capacity for such walls is reduced compared with identical walls having 
lower shear. This Guide recommends factored shear, calculated considering flexural 
overstrength (see Section 3.1.3), not exceed approximately 4 so that 
flexural ductility capacity is not overly compromised.” (see page 7 in reference x) 

The recommended shear strength for wall design has been decreased from c
’ in 1965 to   

in 2012.  This reduction was not only due to the observation of wall failures and collapses during 
earthquakes, but also due to the scientific research conducted by Dr. Vecchio at the University of 
Toronto, Canada, and Dr. Hsu at the University of Houston, Texas, by using the only two most sophistic 
testing equipment in the world for wall panels (slides 20 through 35 in reference 1).  The testing and 
research results indicated that shear alone can cause wall concrete material into compression failure, 
and the maximum compressive strength in walls could be as low as 20% of the concrete compressive 
strength, fc’ (slides 21 and 22 in reference 1).   This scientific research results explain the three 
recommendations (a), (b), and (c) for wall design in FEMA 356 Prestandard, and the shear strength of 

, depending on the magnitude of compressive stress, in the 2012 NEHRP wall design guide.   

As a result of wall buckling and compression failure in the 2010 Chile earthquake, and the 2011 
Christchurch, new Zealand earthquake and additional test results in the laboratory, the ACI 318-2014 
version Code added a new requirement for the thickness of walls in the boundary element region to be 
not less than hu /16, where hu is the laterally unsupported heights at extreme compression fiber of wall.  
This provision is to provide sufficient wall thickness to lower the compressive stress in the wall to avoid 
wall buckling due to slenderness problem.          

III.4.5 Shear strength values for SSE and RLE that should be used for AP1000 shield building wall design 
or evaluation 

The AP1000 shield building wall is subjected to out-of-plane shear and in-plane shear simultaneously 
during earthquake, and recent research has established that the interaction will reduce the strength for 
both (slide 57 in reference 1 ).  The AP1000 shield building wall is also subjected to compressive stress 
due to the heavy PCS tank that no other shield building is.  As a result of these two factors, the proper 
shear stress level for the design basis earthquake, SSE, should not be higher than , and the shear 
strength for the RLE earthquake should not be higher than the ACI Code’ limit, 8 .   
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III.4.6 Safety factors in shear for the AP1000 shield build 

 As shown in the diagram below, the shear stress for the loading conditions including SSE has exceed 
 and the shear stress for the loading conditions including RLE has exceed   The exceedance of 

shear stress for the loading conditions for both the SSE and RLE cases is by a factor of about two (2).  
Therefore, the safety factors for  which is less than 1.0.  As stated 
in step 8 of the design process on page 2 of this report, the thickness of the wall should be increased and 
then repeat the design process until the safety factors reach 1.0 or greater.  The check of safety factor 
for shear is a necessary step in the design process for building designer and the review process for the 
NRC reviewers. 

   

In fact that Westinghouse had under predicted shear stress in the wall. as represented by the green 
curve, because (1) the irregular zigzag shape connections between the SC wall and the RC wall, as shown 
on page 12 of my DPO, was not properly represented in the mathematical model, (2) code required 
accidental torsion was not performed (see page 13 of my DPO), and (3) code required P-delta analysis 
was not performed (more detail discussion later).  Had those three items been properly included in the 
Westinghouse’ mathematical model, the shear stresses  in the wall would definitely be greater than 
those values represented by the green curve (for SSE) and red curve (for RLE), and thus further reduces 
the safety factor in shear   

III.4.7 The DPO panel’s evaluation on shear strength of the AP1000 shield building is incorrect 

Mr. Glenn Tracy states in his letter to me (reference 5), “Section 4.1.2.4 of the Panel’s report provides a 
discussion of the strength of the SC panel, quoting the Panel’s consultant, Mr. Loring Wyllie, as follows: 
 

“…the in-plane shear capacity of the SC wall should have been calculated considering 
the  

-plane shear, the 
ACI 349 equations are probably not directly applicable as the  
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 provide for more shear capacity than a normal reinforced concrete wall. Using 
ACI 349, shear capacity would be limited  

-plane shear strength is 
much greater and dependent on the  

provide bond of the steel plates to the concrete core. “ 

The DPO panel’s evaluation on the shear strength of the AP1000 shield building relied on Mr. Loring 
Wyllie’s opinion and judgment.  In the above statement, Mr. Wyllie stated (1) he believed that the 
Westinghouse’ use of  use of  while 

the true in-plane shear strength is much greater and 
dependent on the  provide bond of the steel plates to the 
concrete core.   
 
Mr. Wyllie is right on the influence of tie-rods on the shear strength, as was demonstrated in the tests 
that the use of  (the red curve exhibited much lower shear strength, as 
well as ductility, compared to that of the  which is basic knowledge in 
concrete shear.  That was the reason that Dr. Vecchio, Dr. Hsu, and I requested Westinghouse to test the 
elements that it chose for use in the AP1000 shield building wall and obtain their shear strength as well 
as ductility to compare with that of RC elements and then determine whether the use of ACI Code was 
appropriate and safe for the design of the AP1000 shield building.    
 
Should the NRC rely on Mr. Wyllie’s belief that the Westinghouse’ use of 

building?  My answer is “No”, because the Code’ limit of  technical 
reasons of considering “stability” of the wall and its severe consequence on the collapse of the building 
if the wall fails.  As stated in Section 3.4 of this report, the diagonal compression failure could occur 
after the shear stress reaches [  ] a,c  which is brittle, regardless 
how much steel reinforcement is in the SC or RC elements.   
 
The discussion of the previous paragraph is on the technical and legal limit of the  

was Mr. Wyllie’s belief that the recommend shear strength for the design of structural 
(shear) walls should be?   As stated in Section 3.4.4, the most recent recommended shear strength for 
the design of walls is in the “Seismic Design of Cast-in-Place Concrete Special Structural Walls - A guide 
for Practicing Engineers” by NEHRP (National Earthquake Hazards Reduction Program), ATC (Applied 
Technology Council), CUREE (Consortium of Universities for Research in Earthquake Engineering), and 
was published by NIST (National Institute of Standard and Technology), March 2012.  The recommended 
shear strength values are from 4 three people in the review 
panel of this design guide.   
 
In slides 75 through 81 of reference 1, I presented how NRC/NRR had averted a major mistake created 
by SQUG, SSRAP, URS, and the NRC/RES.  During my oral presentation to Mr. Tracy and the DPO panel, I 
mentioned that Mr. Wyllie was one of the three SSRAP members, who were hired by SQUG to direct, 
review, and approve anchorage criteria for resolving the USI A-46 issue, and I found that the original 
criteria was deficient by a factor of 2.  I used that information as an example to show that anyone can 
make mistakes, and urged the DPO panel to carefully examine whether Mr. Wyllie’s opinion was correct 
or not, and should not blindly trust in what he had believed. 
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The questions in front the DPO panel and the staff are (1) if the panel believes Mr. Wyllie’s belief that 
ervative value for the shear strength of the AP1000 shield building, should the panel also 

believe that Mr. Wyllie’s belief that the shear strength values of 4 s stated in the design 
guide, which was reviewed by him, should also be used for the design of AP1000 shield building wall for 
the loading condition including SSE, (2) does the panel and the staff still believe that Mr. Wyllie’s belief 

 that the ACI Code’ value 
, as I have argued from legal and technical points of view, (3) how can the DPO panel justify its 

statement that the AP1000 shield building wall has sufficient shear strength to resist RLE and meet the 
NRC seismic margin requirement while the shear stress has significantly exceeded the  

 and (4) both the NRC 
staff and the DPO panel did not provide their design or evaluation process and acceptance criteria for 
the AP1000 shield building wall that had been, or should have been, used as the basis for their 
evaluation and conclusion that the AP1000 shield building is safe, and therefore their statement and 
conclusion have no technical basis, only opinions similar to the bridge designer had in the ancient Rome 
time.   
 
III.4.8 Modeling errors of the AP1000 shield building that resulted in less shear stress  

As stated in my DPO and in Section 3.4.6 of this report, there are three modeling errors: (1) the irregular 
zigzag shape connections between the SC wall and the RC wall, as shown on page 12 of my DPO, was not 
properly represented in the mathematical model, (2) code required accidental torsion was not 
performed (see page 13 of my DPO), and (3) code required P-delta analysis was not performed.   

If anyone submits the AP1000 shield building as an industrial building to be built in Los Angeles, 
California, because of its height, a three-dimensional mathematical model must be constructed to 
include (1) its irregular zigzag shape and stiffness of connection to the RC wall below, (2) the auxiliary 
building roof to be supported by the RC wall, and (3) P-delta effects (reference 11).  This mathematical 
model will have to be subjected to two earthquake ground motion intensities: Design Basis Earthquake 
ground motions and Risk Targeted Maximum Considered Earthquakes ground motions, similar to the 
NRC’s SSE and RLE.   

Since the SC portion of the AP1000 shield building is actually supported by, and anchored to, the RC wall 
below, the stiffness of the connection may have significant effects on the dynamic analysis results with 
respect to frequencies and shear stress of the SC wall, especially when the shield building has significant 
irregularity, and this stiffness effect was not captured by Westinghouse model. 

Both the staff and the DPO panel have dismissed the P-delta effects by offering their calculated 
deformation values as insignificant due to the P-delta effects.   I believe that the P-delta effects in such 
an irregular building are so complicated, and the only way to obtain the true effect is to include them in 
the three-dimensional mathematical model, as has been practiced by structural engineers and required 
by the Los Angeles’ building department, as well as building department in other cities.   

With respect to the accidental torsion, unless an analysis is performed no one can be certain what the 
significant irregularity of the AP1000 shield building could affect the magnitude and distribution of shear 
stresses in the wall. 
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Without the above analyses, one can only conclude that the magnitude of shear stresses in the wall, as 
represented by the green curve in the above diagram, is less than the actual shear stress values in the 
wall.  

III.4.9 Definition of seismic margin and the proper way to attain it 

Assuming the AP1000 shield building is to be built in Los Angeles, California, as stated in the previous 
section, the mathematical model of the building will have to be subjected to two earthquake ground 
motion intensities: Design Basis Earthquake ground motions and Risk Targeted Maximum Considered 
Earthquakes ground motions, with the intensity of the latter earthquake ground motion being 1.5 times 
that of the design basis earthquake ground motions, similar to the intensity of the RLE being 1.667 times 
the SSE.   

The actual analysis process can be seen in slides 29 thru 31 in reference 1.  Slide 29 indicated that the 
intensity of the earthquake ground motion at PGA=0.8g produced initial reinforcement yielding (initial 
steel yielding is the upper design limit for SSE that ACI code requires.)  Slide 30 indicated that at 
PGA=1.2g, the wall concrete was cracked and steel keeps yielding.  Slide 31 indicated that at the 
intensity of the ground motion at PGA=1.6 the wall concrete was crushed and failed.  Therefore, the 
definition of the seismic margin is the ratio of the intensity of the ground motions when the wall failed 
to the intensity of the ground motions of the design earthquake basis.  For this test wall, the seismic 
margin is 1.6g/0.8g = 2.0.  The reason that this test wall can have a seismic margin of 2.0 is because it 
was designed to behave as a ductile wall to reach a seismic margin of 2.0.  Such an analysis can be 
performed with confidence because decades of research, including testing, on RC wall elements resulted 
in methods for estimating shear stiffness and ductility values for  RC elements that are necessary to be 
used for predicting the entire building behaviors during earthquakes (slide 35 in reference 1.) 

However, such an analysis was not done for the AP1000 shield building and cannot be done because the 
shear stiffness and ductility values for SC elements are unknown (slide 36 in reference 1), and therefore 
no computer code can be developed for use to predict the behavior and failure of the SC wall elements 
and the AP1000 shield building wall.  Consequently, there is no way of knowing the true value of the 
seismic margin for the AP1000 shield building wall.  The safety factor approach in the ACI Code, as 
described above, can be used to evaluate the seismic margin for the AP1000 shield building wall.   Since 
the design of the AP1000 shield building is strong in bending and very brittle and weak in shear, 
therefore the building will fail in shear long before it reaches bending failure.  This is the result of the 
Westinghouse design.   When the shear stress at SSE has already exceeded the shear strength of the ACI 
Code’s limit of 8  , the concrete material crushing strain,  there is no margin left 
that the building can sustain a much higher shear stress produced by the RLE, which is 1.667 times the 
SSE - a common sense approach.  Had the Westinghouse used the recommend design method stated in 
the “Seismic Design of Cast-in-Place Concrete Special Structural Walls - A guide for Practicing Engineers”, 
which is  for shear strength, then there would have been margins of safety factor in shear 
of 8/4=2.0 for ( ) , and 8/6=1.33 for ( ) available for the increased shear stress generated by the 
RLE.  The use of a design shear strength of  for the SSE would give a seismic margin of 1.667 that is 
required by the NRC seismic margin analysis.  Since Westinghouse chose a design shear strength of 
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 for the SSE condition, it is obvious that the design would never be able to satisfy the RLE 
condition and the NRC seismic margin requirement.  By understanding the definition of seismic margin 
and the proper way of attaining it, it can be understood that the method used in the DPO Panel report 
for calculating the seismic margin for the AP1000 shield building wall was incorrect because those 
numbers can be and were manipulated to justify the wall meeting the NRC seismic margin requirement. 

Conclusion on the shear strength evaluation of the AP1000 shield building wall 

While the ACI Code provided the limit of average shear strength,  , for concrete walls in a building 
with the requirement that each individual wall shall not exceed,  as the legal limits, and that 
the safety factor, the ratio of strength to stress, shall be greater than 1.0 as the basis of safety 
acceptance, the staff and the DPO panel provided no shear strength values and safety factors for the 
evaluation on the safety of the AP1000 shield building wall, except stating that the wall is safe which 
has no technical basis.  

VI. While I believe that the staff’s and the DPO panel’s conclusion that the aircraft missile 
cannot penetrate through the SC wall is illogical, the DPO panel believes its conclusion 
logical 
 

VI.1        Brittle wall lacks energy absorption capability for missiles  

Since the AP1000 wall element failed in a brittle manner (the red curve) during the shear test (a force 
perpendicular to the surface of the element similar to the aircraft missile to the wall surface), I realized 
immediately that the wall would have problem in its energy absorption capability to resist the energy 
imparts to it from the aircraft missiles and in punching shear strength to resist missiles.  Slide 69 in 
reference 1 presents a table that listed the required concrete wall thickness for not being punched 
through by aircraft in nine analyses.  Except the AP1000 shield building wall thickness of three feet, all 
other walls thicknesses are about six feet in that list, as an indication that the three feet AP1000 shield 
wall is insufficient to resist the aircraft missiles.  I used the fact that the punching shear strength of a 
concrete slab, footing, and wall is related to the square power of their thickness, and stated that the 
three feet thick of the AP1000 shield building wall has about only ¼ of the punching shear strength that 
the six feet thick shield building wall has, as another reason to doubt the adequate punching shear 
strength of the AP1000 SC wall.  However, the DPO panel stated that it was the curvature in the AP1000 
shield building that is responsible for the great aircraft missile impact resistant comparing with the flat 
walls or slabs.  I then submitted a paper to Glenn and the DPO panel from the ACI journal which 
concluded that the curvature in the curved beam would reduce the shear strength compared with a flat 
beam.   The DPO panel explained that the tests done for the curved beams were simply supported while 
Dr. Rashid’s mathematical model was an arch with fixed end supports, and therefore the results are 
opposite due to the support conditions.  The fact is that the shield building wall in the circumferential 
direction is neither simply supported nor fixed end supported, and its fixity is some value in between, 
and therefore the DPO panel’s explanation is not convincing.   

Since the DPO panel insisted on the curvature issue as its main reason to justify the adequacy of the wall 
thickness for AP1000 shield building, and even overrides the reduction of punching shear strength by a 
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factor of four due to its one-half of the thickness of the EPR wall thickness, I countered with the reason 
that the EPR shield building wall is not flat, and has curvature.   The DPO panel stated on page 2-9 of its 
January 22, 2015 meeting report, “Meeting summary section 3.5.2.3 addresses the Submitter’s 
comparison of the EPR shield building to the AP1000, noting that the AP1000 building has a smaller 
diameter which increases the beneficial effects of arching action.”  Can the small amount of curvature 
increase from the EPR to AP1000 shield building really increase the so called “arching action” so much to 
push the punching shear strength up to a factor of more than four to overcome the thickness 
deficiency?   Reference 12 conducted an aircraft impact analysis on an innovative NPP reactor (IRIS) 
containment building, which has a diameter of about 88 feet, less than the 145 feet diameter of the 
AP1000 shield building wall, and has much more curvature than that of the AP1000 shield building, and 
concluded that the missile penetration depth is about 1 meter, which is more than the AP1000 shield 
building wall thickness.   Therefore, the DPO panel’s reason that the curvature effect of the AP1000 was 
responsible for its not being penetrated by aircraft missiles is not convincing. 
 
On the missile penetration issue, we know that the thickness of the wall is the most important variable 
because the punching shear strength is proportional to the square power of the wall thickness, and the 
next important variable is the wall’s energy absorption capability, which is measured by the shear 
ductility characteristic of the wall element and the wall because it needs to balance the energy imparts 
to the wall by missiles.  The wall could fail in a flexure (bending) mode, a punching shear mode, or a 
combined flexure and shear mode depending on its design.   Since we already know that the SC wall is 
brittle in shear, and strong in bending, the SC wall is going to fail in shear prior to its failure in bending if 
impacted by missiles.   This is why Westinghouse only examined the punching shear strength for the wall 
when it conducted the automobile missile event, and the NRC reviewer only reviewed the punching 
shear issue, as stated in the NRC SER Section 3.5.1.4.2 below:   
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Conclusion on the aircraft impact evaluation of the AP1000 shield building wall 
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February 9, 2017

      

MEMORANDUM TO: John S. Ma
Senior Structural Engineer  
Office of New Reactors

FROM: Victor M. McCree
Executive Director for Operations

SUBJECT: DECISION ON DIFFERING PROFESSIONAL OPINION APPEAL 
CONCERNING THE AP 1000 SHIELD BUILDING (DPO-2012-002)  

The purpose of this memorandum is to discuss my decision on your appeal submitted on 
March 31, 2015, on the subject differing professional opinion (DPO). The DPO program is 
addressed in Management Directive 10.159, “The NRC Differing Professional Opinions 
Program.” Your DPO dated July 5, 2012, involved the U.S. Nuclear Regulatory Commission 
(NRC) certification of the AP 1000 design.  Specifically, you raised questions concerning the AP 
1000 Shield Building design. You were concerned that the AP 1000 shield building design was 
unsafe based on the following assertions:  (1) the certified AP 1000 shield building does not 
meet the NRC’s seismic margin requirement, (2) there is no adequate demonstration that the 
shield building meets the General Design Criterion (GDC) 2 requirement, (3) the NRC’s 
conclusion that the aircraft missile would not penetrate the AP 1000 shield building wall is 
illogical, and (4) the shield building wall is insufficiently strong and ductile to resist earthquakes 
or aircraft impact. 

On August 29, 2012, the Director of the Office of New Reactors (NRO) tasked an ad-hoc review 
panel to review your DPO.  On September 20, 2012, the Director of NRO issued a 
memorandum changing the membership of the ad-hoc review panel.  The ad-hoc review panel 
issued a detailed report on February 24, 2014. In this report, the panel concluded that:

  the AP 1000 SB [shield building] does meet the NRC’s seismic margin requirement;
  the AP 1000 Shield Building wall, constructed of steel-concrete (SC) modules, would 

not be perforated by the aircraft impact at room temperature.  This conclusion was
based on three independent AIAs [aircraft impact assessments].

 the AP 1000 SB possesses both sufficient strength and ductility to be appropriately 
resistant to seismic excitation and aircraft impact per NRC requirements; and

 on the basis of conclusions in the first and third items above, the Panel concluded that 
the AP 1000 SB meets the requirements of General Design Criterion 2, “Design bases 
for protection against natural phenomena.”

The DPO Panel report also raised a number of unresolved questions that were referred to the 
staff for follow-up.  Some examples included:

Discrepancies in computations of High Confidence Low Probability of Failure (HCLPF) 
values for the shield building.
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Panel members were of different opinions concerning the effects of temperature on the 
AIA of the shield building with member  agreeing with the submitter that “the ability 
of the shield building SC wall to resist aircraft impact under cold weather has not been 
substantiated.”
Some items that had not been inspected by the staff or for which insufficient information 
was available (i.e. PCS tank AIA and benchmarking of computer models for AIA)
Observations concerning the shear reinforcing details at the connection of the PCS tank 
to the conical roof
Observations concerning design and constructability of the tapered SC wall in the air-
inlet region
Follow-up on the design and analysis of the PCS tank for design basis loads.

Based on the observations of the DPO panel in their report, the NRO Director convened 
meetings to hold detailed discussions of the technical issues on May 19 and June 5, 2014.  
Subsequently, the NRO Director required staff to develop a report summarizing the 
deliberations for the Panel’s review.  This report was completed on July 24, 2014 and was 
forwarded to the Panel with a tasking to supplement their original report.  The Panel’s 
supplemental report, dated October 30, 2014, concluded that the staff had followed-up on the
Panel’s recommendations and found that overall the staff’s resolution was acceptable with three
issues that could merit further consideration.

Based on the DPO Panel’s Report and Supplemental Report, the Director of NRO issued a 
Director’s Decision on February 27, 2015, in which he agreed with the Panel’s conclusions that 
the AP 1000 shield building design meets the NRC’s seismic and aircraft impact assessment 
requirements, and so provides reasonable assurance of public health and safety.  He also 
directed the NRO staff to follow-up on the three issues identified in the Panel’s supplemental 
report. Since that time, these three issues have been satisfactorily closed out. 

On March 31, 2015, you submitted an appeal to my predecessor, Mark Satorius, on the NRO 
Director’s decision.  Your appeal addressed three major areas of concern: 1) Shear ductility 
[out-of-plane] of the shield building SC wall; 2) Shear strength [in-plane] of the shield building 
SC wall; and Punching shear failure of shield building SC wall due to an aircraft impact.

Thank you for your professionalism and your willingness to challenge and raise these concerns 
with your colleagues and management.  A staff that exhibits a questioning attitude and 
examination of NRC technical positions and licensing approaches is essential in maintaining a 
healthy NRC regulatory program.  I also appreciated the significant amount of time, 
documentation, and analyses you offered to support your differing professional opinion on the 
AP 1000 shield building. I recognize that the time required to review and render a decision on 
your DPO appeal has been lengthy.  However, it was important for me to fully understand your 
concerns, examine the record, independently verify aspects discussed in your DPO, and follow 
up on items identified by the NRO Director to address some of your concerns.   

Attached is a detailed description of my evaluation, findings, and decision on the three key 
appeal issues.  To summarize, I support the decision by the DPO Panel and the Director of 
NRO that the AP 1000 Shield Building design meets the U.S. Nuclear Regulatory Commission 
(NRC) requirements, and so provides reasonable assurance of public health and safety.  While I 
agree with the decision regarding the AP 1000 Shield Building, as described in the attached 
detailed decision analysis, I have also identified areas for follow-up by NRO staff.  Specifically, I 
am directing the NRO staff to:
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a. Verify that the out-of-plane shear strength of both the SC and RC portions of the 
shield building wall in the areas where there is a potential for plastic hinge is 
larger than the shear force associated with the flexural over-strength of the 
SC/RC wall.

b. Verify the validity of the inertia force distribution used in the AP 1000 shield 
building nonlinear static pushover analysis to provide assurance that the shield 
building dynamic behavior has been adequately captured.

c. Verify the reasonableness of the results of the AP 1000 shield building nonlinear 
static pushover analysis in comparison with the nonlinear response history 
analysis method.

Based on the consideration of all the information provided in my appeal review, I do not believe 
this follow-up activity is a safety issue that is significant enough to require immediate 
intervention in the current AP 1000 construction activities.  

In accordance with MD 10.159, a summary of this DPO appeal decision will be included in the 
Weekly Information Report posted on the NRC’s public Web site to advise interested employees 
and members of the public of the outcome. If you request, the DPO case file will also be 
publicly available, subject to a review consistent with all agency requirements.  The DPO 
Program Manager will contact you separately on this issue.

Thank you again for your attention and dedication to this important matter.  Please do not 
hesitate to contact me if you have additional concerns.

Attachment:  
Executive Director for Operations Decision  

on Appeal to DPO-2012-002 

cc:  
V. Ordaz, NRO 
P. Holahan, OE
M. Weber, RES
R. Pedersen, OE
M. Sewell, OE
J. Monninger, NRO
H. Bell, OIG   
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MEMORANDUM: DECISION ON DIFFERING PROFESSIONAL OPINION APPEAL 
CONCERNING THE AP 1000 SHIELD BUILDING (DPO-2012-002) DATED 
FEBRUARY 9, 2017.

ADAMS Accession No: ML17033B675 (Pkg); ML17033B676 (Memo); ML17033B680 (Attachment)

OFFICE NRR/DE NRR/DE OEDO/AO EDO
NAME FFarzam (via email) GThomas (via email) JJolicoeur VMcCree
DATE 1/31/17 1/31/17 2/    /17 2/09/17

     OFFICIAL RECORD COPY
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Executive Director for Operations—Decision on Appeal to DPO-2012-002 

1.0 Background  

The differing professional opinion (DPO) submitted on July 5, 2012, the DPO Panel Report 
issued on February 24, 2014 and the DPO Panel Supplemental Report issued on October 30, 
2014, provide a significant discussion on the background and history surrounding this DPO.  A 
summary follows below.

The AP 1000 shield building is a safety-related seismic Category I structure that provides 
shielding for the containment vessel (CV) and the radioactive systems located in the CV;
protects the containment from external events; provides the required shielding for radioactive 
airborne materials that may be dispersed in the containment; supports the passive containment 
cooling water storage tank; and provides for natural air circulation cooling for the CV.

The AP1000 shield building design as described in the AP1000 Design Control Document 
(DCD), Revision 15, was a reinforced concrete (RC) design. In AP1000 DCD Revisions 16 and 
17, a new shield building design was proposed. The revised design incorporates a steel
concrete composite (SC) structure as opposed to the traditional RC shield building construction.

The key features of the revised shield building are: a cylindrical wall which comprises the bulk of 
the structure constructed of SC modules; a conical RC roof structure with an integral RC water 
tank which contains approximately 7 million pounds of water; a tension ring at the intersection of 
the roof with the cylindrical wall consisting of a built-up closed section of steel plates filled with 
concrete; and mechanical connections that join the SC wall to the basemat and to the RC
cylindrical portion of the shield building. 

The tension ring is designed as a steel structure in accordance with the American National
Standards Institute/American Institute of Steel Construction (ANSI/AISC) Standard N690. The 
steel frame for the roof is designed to ANSI/AISC N690. The concrete roof is designed to 
American Concrete Institute (ACI) 349 requirements without credit for the steel plate on the 
bottom of the concrete. The SC modules have not been used previously in nuclear construction 
in the United States.

In the initial design proposed for the new shield building, the SC wall module for the 3-foot thick 
cylindrical wall consisted of steel faceplates with attached  long steel studs which were 
embedded in the 35-inch thick concrete fill between the two faceplates. In a letter dated 
October 15, 2009, the NRC staff determined that this design would require modifications to 
ensure its ability to perform its safety function under design basis loading conditions. During the 
review, NRC staff concerns focused particularly on the lack of transverse reinforcement that 
would tie one faceplate to the opposite faceplate to ensure that the SC modules would function 
as a unit for either out-of-plane demands or in-plane demands. The DPO Submitter played a 
key role in articulating the staff’s concerns in this area.  Westinghouse Electric Company (WEC) 
developed a revised design for the shield building that added tie bars welded to opposite 
faceplates in the SC wall modules, and also revised the design of the ring girder and the 
connections between the SC wall module and the RC wall.  The revised SC wall module has 
thicker faceplates, as well as tie bars between the faceplates to help ensure that the module 
acts as a composite unit with increased out-of-plane shear strength.
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WEC used ACI 349, a design code for nuclear safety-related RC structures, to guide their 
design of the SC cylindrical wall modules since a US industry code or standard for SC 
construction did not exist at the time.  Even though the scope of ACI 349 does not include SC 
construction, the underlying design philosophy, elastic behavior and strength for design basis 
loads and resilience through ductility for beyond design-basis loads, does apply. Also, the 
underlying assumptions on composite behavior of steel and concrete materials in RC structural 
elements do apply to SC structural elements.

WEC conducted a testing program at Purdue University. The tests were intended to 
demonstrate that ACI 349 could be used to predict the out-of-plane shear strength, flexural 
capacity, and in-plane shear strength of SC structures and to investigate the failure behavior of 
the SC modules. The test results were also used to benchmark the finite element analyses 
performed to support the design of the AP1000 shield building.

NRO requested that the Office of Nuclear Regulatory Research (RES) provide assistance in 
evaluating the structural analysis, design, construction, and inspection methods for the AP1000
shield building. The findings in the RES report (ADAMS Accession No. ML103080129) were 
used to inform the evaluation of the shield building design by the staff of NRO.  RES staff 
assessed and consolidated the inputs from outside experts and performed their own 
independent assessment to develop their report.  

2.0 Summary of DPO  

DPO-2012-002 was filed on July 5, 2012 raising the following safety issues about the design of 
the AP1000 Shield Building (SB):

1. the certified AP1000 SB does not meet the NRC’s seismic margin requirement;
2. there is no adequate demonstration that the SB meets the General Design Criteria 2 

(GDC 2) requirement;
3. the NRC’s conclusion that the aircraft missile would not penetrate the AP1000 SB wall 

is illogical; and
4. the SB wall is insufficiently strong and ductile to resist earthquakes or aircraft missiles.

The DPO Panel established by the Director, Office of New Reactors studied the issues raised in 
the DPO.  In their report, the panel grouped the identified safety concerns into two broad 
categories (beyond design-basis demand and capacities, and design-basis demand and 
capacities) and reordered them as follows:

1. Safety concern #1 – The certified design of the AP1000 SB does not meet the NRC’s 
seismic margin requirements;

2. Safety concern #2 – The NRC staff’s conclusion that aircraft missile would not penetrate 
the AP1000 SB wall is not logical;

3. Safety Concern #3 – The certified SB wall does not possess sufficient strength and 
ductility to resist an earthquake and/or aircraft missile impact loading that is specified by
the NRC; and
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4. Safety concern #4 – The Certified SB design does not meet GDC 2 requirements.

3.0 Establishment of the DPO Panel

On August 29, 2012, the NRO Director established an ad-hoc panel to review the issues raised 
in the subject DPO. On September 20, 2012, the Director of NRO issued a memorandum 
changing the membership of the panel.  In his September 20, 2012 memorandum, the Director 
of NRO charged the panel to:

Review the DPO submittal to determine if sufficient information has
been provided to undertake a detailed review of the technical issues.
Meet with the submitter, as soon as practicable, to ensure that the DPO
Panel understands the submitter's concerns and scope of the issues.  
Promptly after the meeting, document the DPO Panel's understanding of
the submitter's concerns, provide the Statement of Concerns (SOC) to the
submitter, and request that the submitter review and provide comments, if 
necessary.   
Maintain the scope of the review within those issues defined in the original
written DPO and confirmed in the SOC.
Consult with me [Director of NRO] as necessary to discuss schedule-related
issues, the need for technical support (if necessary), or the need for
administrative support for the DPO Panel's activities. 
Perform a detailed review of the technical issues and conduct any record
review interviews, and discussions deemed necessary for a complete, 
objective, independent, and impartial review. In particular, since this
concern relates to a Commission-approved regulation (i.e. the AP1000 
Design Certification, Title 10 of the (10 CFR),
Part 52 Appendix D), the panel should evaluate the technical merits of the
DPO to determine if there is a sufficient basis to initiate the rulemaking
process to modify 10 CFR 52 Appendix D. The panel should use the
criteria in 10 CFR 52.63 "Finality of standard design certifications" in
considering the need for a change to the AP1000 Design Certification.
Issue a DPO Panel report, including conclusions and recommendations to
me [Director of NRO] regarding the disposition of the issues presented in
the DPO. The report should be a collaborative product and include all
DPO Panel member's concurrence. Follow the specific processing
instructions for DPO documents.

The panel found the technical issues to be sufficiently complex that they requested and NRO 
authorized the use of two contract technical experts to support the deliberations.  Throughout 
the panel’s review, the DPO submitter had significant interactions with the panel as described in 
the panel’s report.  

4.0 DPO Panel Report  

The DPO Panel performed a review of the technical issues as described in the SOC and 
conducted document reviews, interviews and discussions necessary for their review. The Panel 
also reviewed all email communications of technical information that the DPO submitter 
provided to the Panel for its consideration.  Their report, dated February 24, 2014 
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(ML14057A580) provided the Panel’s conclusions and recommendations and the technical 
bases supporting the conclusions and recommendations. In this report, the panel concluded 
that:  

Safety Concern #1 - the AP1000 SB does meet the NRC’s seismic margin requirement;
Safety Concern #2 – the AP1000 Shield Building shell, constructed of SC modules, 
would not be perforated by the aircraft impact at room temperature.  This conclusion is 
based on three independent AIAs [aircraft impact assessments].
Safety Concern #3 – The AP1000 SB possesses both sufficient strength and ductility to 
be appropriately resistant to seismic excitation and aircraft impact per NRC 
requirements; and
Safety Concern #4 – On the basis of conclusions regarding Safety Concerns #1 and #3 
above, the AP1000 SB meets the requirements of General Design Criterion 2, “Design 
bases for protection against natural phenomena.”

The DPO Panel report also raised a number of unresolved questions that were referred to the 
staff for follow-up.  Some examples included:

Discrepancies in computations of High Confidence Low Probability of Failure (HCLPF) 
values for SB.
Panel members were of different opinions concerning the impact of temperature effects 
in the AIA evaluation of the SB walls with one member of the panel agreeing with the 
submitter that “the ability of the shield [building SC] wall to resist aircraft impact under 
cold weather has not been substantiated.”
Some items that had not been inspected by the staff or for which insufficient information 
was available (i.e. PCS [Passive Cooling System] tank AIA and benchmarking of 
computer models for AIA)
Observations concerning the shear reinforcing details at the connection of the PCS tank 
to the conical roof
Observations concerning design and constructability of the tapered SC wall in the air-
inlet region

 Follow-up on the design and analysis of the PCS tank for design basis loads.

5.0 DPO Panel Supplemental Report 

Based on the observations of the DPO panel in their report, the NRO Director convened 
meetings to hold detailed discussions of the technical issues on May 19 and June 5, 2014.  
Subsequently, the NRO Director required staff to develop a report summarizing the
deliberations for the Panel’s review.  This report was completed on July 24, 2014 and was 
forwarded to the Panel with a tasking to supplement their original report.  The Panel’s 
supplemental report, dated October 30, 2014, (ML14307A870) concluded that the staff had 
followed-up on the Panel’s recommendations and found that overall the staff’s resolution was 
acceptable with three issues that could merit further consideration.
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6.0 NRO Director’s Decision on DPO  

Based on the DPO Panel’s Report and Supplemental Report, the Director of NRO issued a 
Director’s Decision on February 27, 2015, in which he agreed with the panel’s conclusions that 
the existing AP1000 shield building design meets the NRC’s seismic and aircraft impact 
assessment requirements, and so provides reasonable assurance of public health and safety 
without changing that design.  He also directed the NRO staff to follow-up on the three issues 
identified in the Panel’s supplemental report, specifically:

Confirm and document that WEC QA process has adequately addressed discrepancies 
in seismic margin estimates;
Perform an inspection of WEC’s aircraft impact assessment documentation, focusing on 
the PCS tank and any postulated debris impact on containment; and
Clarify documentation of NRC staff review of the AP1000 shield building for SRP 
sections 3.7.2.II.11 and 3.7.2.II.12, including augmenting its documentation in a 
memorandum.

The NRO staff has completed the follow-up actions requested in each of the bullets above 
(ADAMS Accession No. ML 15134A037, ML16167A254, ML16099A049, ML16146A662, and 
ML15180A061).

7.0 DPO Appeal

On March 31, 2015, the DPO submitter filed an appeal on the Director’s Decision.  The DPO 
appeal addressed three major areas of concern:

(1) Shear ductility [out-of-plane] of the shield building wall – the DPO panel’s method to 
determine shear ductility is incorrect and dangerous to safety; 

(2) Shear strength [in-plane] of the shield building wall; 
(3) Punching shear failure of the shield building SC wall due to an aircraft impact. 

I will address these concerns further in my review and decision below (see Section 9).

8.0 Statement of Views by the Director of NRO on Appeal  

On July 31, 2015, the Director of NRO provided his statement of views (SOV) on the DPO 
appeal to me. In his SOV he stated that, based on his review of the appeal and consultation 
with the Ad-hoc DPO Panel and staff experts, he had “concluded that the appeal does not 
provide any new information or new interpretation of existing information that changes the
positions described in my Director’s Decision.”  The NRO Director’s SOV referenced a detailed 
analysis (ML15195A41) of the issues raised in the DPO Appeal and the resolution of these 
issues as addressed in the original DPO decision and the supporting DPO Panel reports.  

9.0 EDO Review and Decision

When OEDO received the DPO appeal, my predecessor, Mark Satorius, with my concurrence, 
initiated a review of relevant information related to DPO 2012-002.  To that end, he assigned a 
senior member of my staff to form a working group including two senior structural engineers with 
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technical qualifications in the areas of concrete codes as well as aircraft impact analysis who 
were not involved in the AP1000 shield building review and the review of the original DPO.  This 
working group has provided technical assistance to this review.  I reviewed a number of 
documents, including but not limited to, the original DPO, the DPO Panel’s report, the DPO 
Panel’s supplemental report, the NRO Office Director’s decision, the DPO appeal of the 
decision, and the NRO Office Director’s SOV on the contended issues in the DPO appeal.  To 
understand the issues fully, I met with the DPO panel on December 19, 2016. The DPO appeal 
working group and I met with you on June 21, 2016, and listened carefully to your points.  I also 
considered additional information you provided to me before, during, and after the meeting.  
I had multiple discussions with the former Director of NRO to address your concerns.

I want to clarify that my decision considers the technical merits of your DPO, as well as our 
regulatory framework for ensuring safety.  Below is my review and decision on the concerns 
raised in the appeal:

Appeal Concern 1:  Out-of-Plane Shear Strength and Ductility of Shield Building SC Wall

The DPO appeal includes the following main technical issues regarding the out-of-plane shear 
strength and ductility of the AP1000 shield building SC wall: 

I. The AP1000 shield building SC wall element is brittle [non-ductile] in shear, and thus 
does not meet the requirements of ACI Code, which is the design basis of the 
AP1000 shield building.

II. The DPO panel considered the shield building SC wall to be ductile with a ductility 
ratio of  in shear meeting the required ductility ratio of that was jointly established 
by the NRC and Westinghouse. 

You also included Dr. Vecchio’s statements in his July 9, 2010 letter, Dr. Hsu’s statement in his 
November 14, 2010 letter, and Dr. Varma’s statement regarding non-ductile behavior of test 
specimens with tie-bars spaced at in support of your above position.

Enclosure 1 to this memorandum provides the DPO Appeal working group perspectives which 
evaluated the technical issues raised in the DPO appeal regarding the out-of-plane shear 
strength and ductility of the shield building SC wall.

Based on my review of the information, findings and insights in Enclosure 1 to this 
memorandum, NRO Office Director’s (OD) decision, OD’s statement of views on DPO Appeal, 
DPO Panel report and DPO Panel supplemental report, I concluded the following:

I. The test specimens with  tie spacing exhibited non-ductile behavior for low 
shear span-to-depth ratios and this has been acknowledged in the NRO staff SER and 
the DPO Panel report.  The DPO panel report did not consider the out-of-plane test with 
shear span/depth ratio of  as a shear test with a ductility ratio of  The DPO panel’s
observation was mainly trying to indicate that the effective shear-span-to-depth ratio 
away from the connection areas (discontinuities) is high; therefore, the shear failure as 
observed in the test with low span-to-depth ratio is not applicable to areas with 
[relatively wide] tie rod spacing.

II. The methodology used for the AP1000 shield building SC wall design is similar to 
“capacity design” methodology.  The applicant provided smaller tie bar spacing in those 
areas of the SC wall where there is a potential for plastic hinge, for beyond design basis 
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seismic load conditions, to ensure ductile failure and demonstrated that in the areas 
with  spacing the out-of-plane shear demand to-capacity is low with ample 
margin. The use of design methodology similar to “capacity design” is reasonable and 
consistent with the industry standards and published technical literature.

III. The response of the DPO Panel and the NRO staff to your assertion regarding the
out-of-plane shear capacity and ductility of the SC wall was reasonable.  However, to
confirm the thoroughness of documentation supporting my decision, I am directing the
NRO staff to complete the following actions:

a. Verify that the out-of-plane shear strength of both the SC and RC portions of the
shield building wall in the areas where there is a potential for plastic hinge is
larger than the shear force associated with the flexural over-strength of the
SC/RC wall.

b. Verify the validity of the inertia force distribution used in the AP1000 shield
building nonlinear static pushover analysis to provide assurance that the shield
building dynamic behavior has been adequately captured.

c. Verify the reasonableness of the results of the AP1000 shield building nonlinear
static pushover analysis in comparison with the nonlinear response history
analysis method.

Appeal Concern 2:  In-Plane Shear Strength of the Shield Building SC Wall

The DPO appeal includes the following main technical issues regarding the in-plane shear 
strength design of the AP1000 shield building SC wall: 

a) The DPO panel’s evaluation on the shear strength of the AP1000 shield building relied
solely on Mr. Loring Wyllie’s [DPO Panel consultant] opinion and judgment and

which is the design basis of the AP1000 shield building.

b)
contradicting the DPO Panel Report statement that the AP1000 shield building wall has
sufficient shear strength to resist RLE satisfying NRC seismic margin requirements.

c) There are modeling deficiencies (accidental torsion, P-delta effect, and irregular zigzag
connection between the SC and RC wall) of the AP1000 shield building that could
underestimate the magnitude of shear stress in the wall.

The DPO Appeal working group members prepared Enclosure 2 to this memorandum 
addressing the main technical issues in the DPO appeal relative to the in-plane shear capacity 
of the SC wall.

Based on my review of the information, findings and insights in Enclosure 2 to this 
memorandum, the NRO Office Director’s (OD) decision, the OD’s statement of views on the 
DPO Appeal, the DPO Panel report and the DPO Panel supplemental report, I agree with the 
OD’s and DPO Panel’s conclusion that the AP1000 shield building SC wall has sufficient in-
plane shear capacity. 
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Appeal Concern 3:  Punching Shear Failure of the Shield Building SC Wall Due to an 
Aircraft Impact

The DPO appeal stated that the design of the AP1000 shield building SC wall is strong, with a
great amount of energy absorption capability, in resisting bending (flexure) but weak and 
small energy absorption capability in shear, 

 (indicated by the “red curve” in a figure in DPO-
2012-002). The appeal asserted that the actual local failure mode of the wall, as a result of
aircraft impact, should be punching shear instead of  as was evaluated and which 
controlled the shield building wall thickness for the design-basis hurricane-generated automobile 
missile.  As such, the DPO appeal concluded that the shield building SC wall must be much 
thicker to adequately resist local aircraft impact loading in a punching-shear failure mode.   

The DPO Appeal also included the following arguments in support of your above view: 

a) Citing information on slide 69 of your presentation to the NRO Office Director and DPO
Panel on September 8, 2014 (ML15078A045), with the exception of the AP1000 shield
building, the required concrete wall thickness for not being punched through by aircraft in
the other designs or analyses listed in the slide was about 6 feet.  Further, the punching
shear strength for a concrete slab, footing or wall is related to the square power of
thickness and, therefore, the thick AP1000 SC wall has only of the
punching shear strength of a 6-ft thick wall (e.g. EPR shield building), which is a reason to
doubt the adequacy of the AP1000 SC wall thickness.

b) The AP1000 shield building wall is neither simply supported nor fixed end supported in
the circumferential direction as considered in Dr. Rashid’s [DPO Panel consultant] arch-
shaped mathematical model to demonstrate the role of curvature (versus flat walls) in
providing superior impact resistance of the shield building wall, with its fixity being some
value in between. Therefore, the DPO Panel’s explanation that the arch-action from
curvature and support conditions of the shield building were responsible for its great
resistance to perforation by punching shear under aircraft impact is not convincing.

c) The DPO Panel consultant’s aircraft impact analyses results from the computer
codes indicated a failure mode, suggesting that the shear failure mode (the red
curve) had not been, or had been incorrectly, coded into the computer analytical
models.

The DPO Appeal working group prepared Enclosure 3 to this memorandum addressing the 
main technical issues in the DPO appeal relative to punching-shear failure of the SC wall under 
beyond design-basis aircraft impact. 

Based on my review of the information, findings and insights in Enclosure 3 to this 
memorandum, the NRO Office Director’s (OD) decision, the OD’s statement of views on DPO 
Appeal, the DPO Panel report and the DPO Panel supplemental report, I agree with the OD’s 
and DPO Panel’s conclusion that the AP1000 shield building SC wall will not be perforated by 
the NRC-specified beyond design-basis aircraft impact in a punching-shear failure mechanism. 

10.0  Conclusion

Thank you for your professionalism in raising this differing professional opinion on an important 
safety topic. Given the uniqueness of this design and the fact that this is the first application of 
steel concrete composite design that has been reviewed by NRC staff, it is important that the 
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staff assure itself that this design meets the NRC’s regulations and expectations for safety.  This 
issue was complicated by the lack of US approved consensus codes or standards for steel 
concrete composite construction in nuclear safety related applications.  

After careful review, I support the decision by the DPO Panel and the Director of NRO that the 
AP1000 Shield Building design meets the NRC requirements and provides reasonable 
assurance of public health and safety.  While I agree with the decision regarding the AP1000 
Shield Building, as noted in section 9.0 above, I have also identified several items for follow-up 
by the NRO staff.  Specifically, I am directing NRO to: (1) verify that the out-of-plane shear 
strength of both the SC and RC portions of the shield building wall in the areas where there is a 
potential for plastic hinge is larger than the shear force associated with the flexural over-strength 
of the SC/RC wall; (2) verify the validity of the inertia force distribution used in the AP1000 
shield building nonlinear static pushover analysis to provide assurance that the shield building 
dynamic behavior has been adequately captured; and (3) verify the reasonableness of the 
results of the AP1000 shield building nonlinear static pushover analysis in comparison with the 
response history analysis method.

In accordance with MD 10.159, a summary of this DPO appeal decision will be included in the 
Weekly Information Report posted on the NRC’s public web site to advise interested employees 
and members of the public of the outcome.
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This enclosure provides the DPO Appeal working group perspectives on the out-of-plane shear 
strength and ductility of the shield building SC wall based on a review of information included in 
the submitter’s DPO appeal (Reference 1), the DPO Panel report (Reference 2), the DPO Panel 
supplementary report (Reference 3), and the NRO staff SER (Reference 4).  This enclosure 
does not address the Aircraft Impact Assessment (AIA).  The AIA is included in Enclosure 3.

As directed in the EDO memorandum (Reference 5), in light of the significant work already 
conducted in this case, the limited scope and primary focus of this review was to apply the 
reasonableness test, as opposed to initiating an independent re-review, to issues raised in the 
DPO appeal against the responses provided in the DPO Panel reports and the NRO Office 
Director's findings to determine whether the issues were addressed sufficiently. Therefore, the 
perspectives of the DPO Appeal working group should not be construed as a peer review of the 
AP1000 shield building design.

Considering the above, the following excerpts from References 1 through 4 provide background 
of the main technical issues regarding the out-of-plane shear strength and ductility of the shield 
building SC wall.

a) Submitter’s Assertion (DPO Appeal, Reference 1)

I. The AP1000 shield building SC wall element is brittle in shear, and thus not meeting 
the requirements of ACI Code, which is the design basis of the AP1000 shield
building.

II. The DPO panel considered the shield building SC wall to be ductile with a ductility 
ratio of  in shear. 

III. Dr. Vecchio stated in his July 9, 2010 letter:

“The test beams representing the Shield Building wall detail with cross-ties spaced at 
 tested in out-of-plane shear (OOPS) at Purdue, exhibited shear-critical 

brittle failures. Westinghouse Electric Corporation (WEC) contends that, even so, the 
result is acceptable because code-calculated strengths were achieved by the test 
specimens and that the design shear forces fall well short of these strengths.  
However, the load contour plots provided by WEC show that, in general, the moment 
demand-to-capacity ratios are significantly lower than the shear demand-to-capacity 
values. In other words, for out-of-plane action, shear demand is more critical than 
flexural demand; if the loads were increased in fixed proportion, the wall would 
sustain a brittle shear failure first. This violates the intent of Clause 21.3.4.1.” 

’’Although ACI 349 does not define specific target levels for ductility, it is worth noting 
that it implicitly requires that the failure mechanism be ductile regardless of the 
magnitudes of the actual design loads. Thus, for shear design of flexural members, 
Clause 21.3.4.1 states that “…the design shear force shall be determined from 
consideration of the statical forces on the portion of the member between the faces 
of the joints. It shall be assumed that moments of opposite sign corresponding to the 
probable flexural moment strength act at the joint faces…” “In other words, the 
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design shear force is dictated by the flexural capacity of the member, ensuring that a 
ductile flexural failure occur[s] before a brittle shear failure can develop. In the case 
of the SB wall, the steel faceplates create a large moment capacity, and thus 
the shear capacity required to maintain a ductile failure mechanism is high, 
regardless of the actual out-of-plane shear forces acting.”

IV. Dr. Hsu, stated in his Nov. 14, 2010 letter:

“The tie bars proposed by WEC are  in spacing in both the 
directions of height and circumference. However, tests at Purdue University

V. Dr. Varma, who conducted the tests for Westinghouse, stated that he was sure that 
all the test specimens, with tie-bar spaced at 

b) DPO Panel Report (Reference 2) and DPO Panel Supplementary Report (Reference 3)

I. Excerpt from Section 4.2.3.1 of DPO Panel Report

“For a shear span to depth ratio of  a very ductile flexural failure occurred 
and for a shear span to depth ratio of  a non-ductile shear 

failure occurred. The red curve shown in the figure is for a SC panel with a shear 
span to depth ratio of  and marks a transition between flexural failure and shear 
failure. In addition, the ductile flexural failure of the SC panel with a shear-span-to-
depth ratio of showed that the SC panel had adequate shear transfer capability 
across the steel-concrete interface.” 

II. Excerpt from Section 4.3.3 of DPO Panel Report

“The Panel agrees with the submitter in that the ACI 349 requires that ductility should 
be in every single structural component of the structure. The Panel concludes that 
the ACI 349 Code requires that all members of the lateral force resisting system 
should be detailed for seismic ductile performance and that the ductility level is 
consistent with the special seismic resisting systems contained in Chapter 21 of 
ACI 349.  However, the AP1000 Shield Building satisfies the detailing requirements 
in Chapter 21 of ACI 349 applicable to the shear walls - 

 and design stress limits, thus ensuring that the shield 
building wall as-designed will behave in a ductile manner under seismic loading.” 

III. Excerpt from Enclosure 5 of DPO Panel Supplementary Report

“The RES report states that while Dr. Vecchio indicated the need for additional 
testing and tie-bar spacing shorter than  he recognized that ductility 
requirements in ACI 349 (Chapter 21) relate primarily to frames and not to walls or 
the Shield Building structure. This expert also understood that ductility detailing 
requirements in ACI 318 (Ch. 21) relate to structures for which it is allowed to reduce 
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seismic forces by relying on ductile structural response, which is not the case for the 
AP 1000 Shield Building structure. Recognizing these two aspects, Dr. Vecchio 
preferred to apply ductility detailing requirements to every region of the Shield 
Building in the event of unforeseen circumstances in which the loads acting on the
structure are of much larger magnitude than anticipated.” 

“Other RES consultants agreed that given (1) the use of close tie-bar spacing in 
regions of high out-of-plane shear demand and (2) the low demand-to-capacity ratios 
presented in the WEC report for those portions of the wall with tie-bar 
spacing, it is not appropriate to use the ACI 349 and ACI 318 codes as the basis for 
insisting on ductility requirements for out-of-plane shear.” 

IV. Excerpt from the DPO decision document dated February 27, 2015:  (Enclosure 7 to 
DPO panel supplementary report includes a similar statement).

“In describing the SC panel wall with [relatively wide] tie rod spacing as brittle [non-
ductile], the Submitter only ever refers to one of the three SC panel tests. The one 
test, shown as the red curve in the figure on page 12 of the e-mail (see also Panel 
Report page 31) is for the test that had a shear-span-to-beam-depth ratio of  For 
the same SC panel tested with a shear-span-to-beam-depth ratio of  a very 
ductile failure occurred with a ductility ratio of  However, the Submitter fails to 
mention this test in any discussions.” 

“To ensure ductile behavior of the SC panel walls everywhere in the SB [shield 
building], WEC used SC panels with [relatively narrow] 

In those 
[relatively wide] 

Therefore, the SC panels in all regions of the SB will 
behave in a ductile manner in response to design basis seismic loads.”

V. Excerpt from the Statement of Concerns (SOC) prepared by the ad hoc DPO review 
Panel - “safety concern #3”, item (d)(x) and d(xi)

“The NRC staff accepted the SC module element even though when laboratory 
tested, it failed in a brittle manner and did not meet the acceptance criteria 
established jointly by the NRC and WEC.”

“The NRC staff accepted a non-linear static push over analysis in lieu of the ACI 
code required testing as a basis for the shield building SC module design. Push over 
analysis is inappropriate and inadequate. NRC improperly accepted push over 
analysis neglecting test results. The pushover analysis method is prohibited by 
building codes for use on an irregular, tall, or safety important building such as the 
shield building. Therefore, the NRC failed to understand that the nonlinear static 
pushover analysis is not applicable to the AP1000 shield building.”
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VI. Excerpt from Section 4.3.2(b) v of the DPO panel report

From the review of the WEC Shield Building design report, expert opinion, and the 
staff’s final safety evaluation report (FSER), the Panel understands that the pushover 
analysis did not replace the ACI 349 design procedure or requirements; rather it 
provided an understanding of the beyond design basis response. The pushover 
analysis only confirmed qualitatively that the shield building stresses, strains and 
deformations remain small at the design basis loads and that significant yielding in 
the SC wall does not start until loading levels beyond the SSE [safe shutdown 
earthquake] and of the order of the RLE [review level earthquake]. 

The Panel therefore concludes that the design basis of the shield building for SSE is 
based on elastic response and not on a non-linear static pushover analysis. In 
accordance with the staff’s FSER, it did not accept a non-linear static pushover 
analysis in lieu of the ACI code required testing as a basis for the shield building SC 
module design.

c) NRO Staff SER

I. Excerpt from Section 3.8.4.1.1.5 “Shield Building Conclusion” 

The staff finds that to resist out-of-plane shear loading, the shield building design 
uses [ ]  to ensure that the SC 
modules will function as a unit. For the regions of the SC wall module with higher 
out-of-plane shear loads, and where yielding of the SC wall module would be 
expected to initiate under a combination of tensile forces and out-of-plane bending 
for seismic loads, the applicant detailed the SC modules with [

] to provide out-of-plane shear ductility. For the regions of the SC wall 
with low out-of-plane shear demands and [ ],  the 
SC wall detailing does not provide out-of-plane shear ductility based on the test 
results. In these regions, the out-of-plane shear demands calculated by the applicant 
are low, and the SC wall modules as detailed provide conservative strength demand-
to-capacity ratios. Based on: (1) demonstration of conservative strength and 
adequate cyclic behavior for the SC module with [ ]  ; 
(2) confirmatory analysis that identified locations of potential SC steel plate yielding; 
and (3) the analogy with ACI 349, Articles 21.3 and 21.4, which require ductile 
detailing only where demands are high and plastic hinges are expected to form, the 
staff finds the applicant’s use of to be 
acceptable.

Regarding out-of-plane shear loading of the SC module with [
],  the staff finds that although these specimens failed in a brittle manner, 

there is significant margin between the failure loads of the two test specimens [
]  and the maximum SSE demand of [ ].
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II. Excerpt from Section 3.8.4.1.1.3.5 “Design and Testing for Ductility” 

The staff finds that testing of SC wall modules with [ ]  spacing 
did not demonstrate that the SC wall module is ductile because it did not meet 
acceptance criteria for ductility as proposed by the applicant.

In addition, the staff finds that the AP1000 shield building design has 
to ensure that the SC modules 

will function as a unit.  For the regions of the SC wall with higher out-of-plane shear 
loads, and where yielding of the SC wall would be expected to initiate under a 
combination of tensile forces and out-of-plane bending for seismic loads in excess of 
the design-basis loads, the applicant detailed the SC modules with 

 to provide out-of-plane shear ductility. For the regions of the SC 
wall with low out-of-plane shear demands [tie-bars at ],  and 
the SC wall detailing does not provide out-of-plane shear ductility.  In these regions, 
the out-of-plane shear demands calculated by the applicant are low and the SC wall 
modules as detailed provide conservative strength demand to capacity ratios.

The applicant’s approach is to identify, from the results of the analysis for the 
calculation of member forces and through confirmatory analysis, the locations in the 
SC structure that are predicted to become plastic hinges (called fuses by the 
applicant) when subjected to earthquake forces.  In the case of the shield building, 
this requires earthquake forces beyond the design basis seismic loads. Design 
detailing for the regions in the shield building assumed to be plastic hinge regions 
conforms to requirements in ACI 349-01, Articles 21.3.3.1-21.3.3.3, which results in 
shear reinforcing spacing of depth divided by  maximum.  This detailing is 
intended to prevent brittle failure modes from pre-empting the ductility of the plastic 
hinge regions. In regions outside of these assumed plastic hinge locations, the 
applicant’s design conforms to Article 21.3.3.4, which requires shear reinforcement 

spaced at no farther apart than half of the depth dimension.  In addition, 
the design for these regions also provides sufficient strength to meet the calculated 
design demands.  Although the ductility detailing requirements in Sections 21.3 and 
21.4 of ACI 349 do not apply to the shield building structure, the applicant invoked 
them for the analogy of the applicant’s design approach to the “capacity design” 
approach.

The staff evaluated the applicant’s design approach of providing ductility detailing in 
the regions of high stresses and of providing the strength necessary to meet the 
design demands in the regions of low demands and finds it to be reasonable. This 
approach conforms to the approach in ACI 349-01, Articles 21.3 and 21.4 for 
moment resisting frames, for which ductility design is required by ACI 349, as 
opposed to structures such as the shield building structure for which ACI 349 does 
not have ductility provisions or requirements. The staff also finds that the shield
building structure, a complex cylindrical shell, distributes loads in a manner that 
differs from 2D or 3D frames and can be more uncertain. The staff finds that the 
shield building design provides conservative demand to capacity ratios in the regions 
of the wall with [ ] that can account for those 
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uncertainties. Specifically, the calculated demand to capacity ratios for out of plane 
shear are for the most part less than or equal to In addition, the regions of the 
wall where these demand to capacity ratios are higher than and as high as 
about  in a few locations, are small in area and localized.

More specifically, also in Section 2.0 of the September 3, 2010, submittal, the 
applicant states that the [ ]  indicates that for seismic loads 
greater than the design basis loads, the overturning moment and base shear at the 
base of the structure cause either tension yielding of the steel plates in the SC 
portion, or tension yielding of the steel reinforcement in the RC portion of the shield 
building, depending on the loading combination and direction. In this submittal, the 
applicant also states that for loads greater than the seismic design basis loads, 
yielding of the steel faceplates from in-plane shear can occur for certain loading 
directions. Thus, the ductile failure mechanism for the overall structure is governed 
by the yielding of steel plates or yielding of steel reinforcement in the RC portion of 
the structure. The applicant then concluded that for loads greater than the design 
basis loads, the shield building would develop a ductile failure mechanism with 
structural fuses in the SC portions located as designed.

The staff finds that the combination of the low demand to capacity ratios for out-of-
plane shears in the regions with [ ]  spacing with ductility 
detailing in the regions of high demands provides reasonable assurance of the 
building safety under the design basis seismic loads by ensuring that the building 
has structural capacity in reserve, through a combination of structural strength and 
ductility, for the seismic design basis loads.

III. Excerpt from Page 3-160 (Pushover Analysis)

“The applicant performed nonlinear confirmatory analysis to predict the behavior of 
the shield building up to and beyond design basis seismic loading and assess the 
potential for collapse.  The applicant used its [ ]  model of the 
nuclear island to perform a nonlinear pushover analysis of the shield building.  The 
model included the shield building and the entire auxiliary building.  This finite 
element model did not impose constraints that would force a mode of deformation of 
the shield building structure.  Using this model, the applicant’s analysis tracked 
tensile stresses and strains in the steel faceplates, in-plane and out-of-plane shear 
deformations and stresses, stresses and strains in the [ ],  deformations in the 
connection regions and stresses and strains in the [ ] in the RC wall 
below the SC wall. The applicant’s analysis explicitly modeled the interaction of the 
shield building with the roof and walls of the auxiliary building.  The applicant’s model 
also did not exclude the possibility of shear failures. Instead, it considered concrete 
cracking for out-of-plane loads as well as in-plane loads and the subsequent 
distribution of forces to the steel reinforcement.  Since the applicant’s verification and 
validation of the model against its own test data did not capture brittle failures, the 
applicant tracked the possibility of local onset of such brittle shear failures through 
the use of limiting strains in the [ ] as well as through the combined use of 
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analysis methods with increasing refinement, that is, the combination of [
]  models.

For its analysis, [

].   In addition, the applicant considered various combinations of the 
directions and intensity of the seismic loads in the two horizontal directions and in the 
vertical direction. Under these loading conditions and without constraints in the 
response modes of the structure the applicant calculated the response of the 
structure to proportionally increasing loads. Proportional increase of the loads is an 
approximation in a static pushover analysis.  As the structure yields and the 
response becomes increasingly inelastic, there is a potential for redistribution of the 
loads through the height of the structure that may affect the subsequent response 
mode of the structure. The results of the applicant’s analysis show that significant 
inelastic behavior of the wall, other than concrete cracking, will not occur at the 
design basis loads and will only start at loads closer to the review level earthquake 
(RLE).  On this basis, loading conditions that deviate significantly from those used by 
the applicant are not expected up to the SSE and RLE levels.”

DPO Appeal Working Group Perspectives

The NRO staff SER already acknowledged that in the out-of-plane shear test, the specimen with 
 failed in a non-ductile manner for smaller shear span ratios.  

Therefore, the submitter’s main point regarding the lack of ductility in those areas of the shield 
building wall with  has already been acknowledged and no value will be 
added to further discuss the differences between the red (SC specimen test data) and blue (RC 
specimen test data) curves which have been noted throughout the DPO documentation.

The DPO Appeal working group considered addressing the higher tier and more fundamental 
point of disagreement, related to the methodology used in the seismic design of the shield 
building for out-of-plane shear loading, a more effective way to provide a viewpoint.  The NRO 
staff SER accepted WEC’s methodology which is similar to a “capacity design” approach. The 
applicant provided smaller  in those areas of the SC wall where there is a 
potential for plastic hinge, for beyond design basis seismic load conditions, to ensure ductile 
failure and demonstrated that in the areas with  spacing the out-of-plane shear 
demand-to-capacity is low with ample margin. Conversely, the submitter believes that the 
ACI 349 Code requires ductility in every single structural component of the structure and the tie 
bar spacing throughout the shield building SC wall must be as such to ensure a ductile failure 
mode.

The following summarizes the DPO Appeal working group perspectives: 

1. The ACI 349 code requires flexural ductility in all members by ensuring tensile 
reinforcing steel will yield prior to the crushing of concrete in compression.  In addition, 
the ACI 349 requires minimum shear reinforcing steel in members where factored shear 
force exceeds one-half the shear strength provided by concrete. This minimum shear 
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reinforcement restrains the growth of inclined cracking.  These two basic level of ductility 
requirements provide assurance that failure without warning is avoided in case of 
unexpected overload (mainly gravity loads). 

For seismic resistant structures, the intent of provisions of Chapter 21 of ACI 349, is that 
the elements of lateral load resisting system that may experience post-elastic 
deformation, in the unlikely event of an earthquake beyond the design basis SSE or 
other unforeseen circumstances, are detailed for ductile performance. The ACI 349
code has provisions for those elements that are not part of the lateral load resisting 
system to provide assurance that these elements will maintain integrity and can 
accommodate the anticipated deformations.

2. The capacity design approach is an effective design strategy for earthquake resistant 
structures and has been discussed in many text books, industry standards/guidance 
documents and technical papers. In this approach, the designer determines which 
elements of the structure are going to yield under earthquake excitation. Then, these 
elements/areas are detailed so that they can sustain yielding without strength 
degradation. All of the other elements of the structure and their connections are 
proportioned so that they are strong enough to withstand the maximum forces and 
deformations that can be delivered to them during the prescribed earthquake.  In 
principle, the elements that are designed to yield act as structural “fuses” to protect other 
elements of the structure from excessive force.

As stated in the NRO staff SER, the applicant’s design approach of providing ductility 
detailing in the regions of high stresses and of providing the strength necessary to meet 
the design demands with significant margin in the regions of low demands was 
evaluated and found to be acceptable. 

3. One of the key aspects of the capacity design approach is the proper detailing to support 
the assumptions/results of the structural analysis for identifying the expected yield 
mechanism.  For example, if a non-ductile shear failure is to be avoided, it is necessary 
to ensure that the shear strength of the element is larger than the shear force associated 
with the flexural over-strength of that element.  The NRO staff SER also stated that the 
applicant invoked Sections 21.3 and 21.4 of ACI 349 for using the analogy of “capacity 
design.”

4. ACI 349-01 requires elastic design for safety related structures.  Based on a review of 
the DPO Panel report and the NRO staff SER, it is noted that the AP1000 shield building 
was designed elastically for SSE loading combinations.

5. For beyond design basis seismic events, the NRO staff SER and the DPO panel report 
indicate that a pushover analysis was used to study the behavior of the shield building.

6. Although the non-linear static pushover (NSP) analysis is used as a standard tool for 
seismic assessment of structures, the development and use of the NSP procedure has 
primarily been based on first-mode dominated symmetrical structures.  The NSP 
analysis does not capture changes in the dynamic characteristics of the structure as
yielding and stiffness degradation take place.

7. The structural engineering community and the academia have developed various 
methodologies to use the NSP analysis for asymmetrical and tall structures.
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8. The AP1000 shield building is an asymmetric structure because of its connectivity to the 
Auxiliary building which makes the 

  Due to this configuration, 
 Based on a review of the RES 

summary evaluation report (Reference 7), dated October 29, 2010 and the staff SER, it 
is the DPO Appeal working group’s understanding that  confirmatory analyses, 
used in the seismic margin assessment of the AP1000 shield building, were performed 
using  and models of the entire shield building 
and nuclear island.

9. Nonlinear response history analysis has traditionally been considered as the most 
accurate method for estimating the response of a structure to a seismic event.  However, 
due to its complexity and being resource demanding, it is generally used for assessment 
of special and important structures.

10. The distribution of inertia forces in a NSP analysis will change as portions of the 
structure yield and dynamic characteristics change.  The DPO Appeal working group 
was unable to locate, in neither the NRO staff SER (Sections 3.8 and 19) nor the DPO 
panel report, the details of the shield building NSP analysis regarding the distribution of 
the inertia forces, and verification of the reasonableness of the AP1000 shield building 
NSP analysis results.

11. The NRO staff SER indicates that for loads greater than the design basis loads the 
ductile failure mechanism for the overall structure is governed by the yielding of steel 
plates in the SC portions or yielding of steel reinforcement in the RC portion of the 
structure.

12. The submitter stated that Dr. Vecchio, in his July 9, 2010 letter, indicated that the load 
contour plots provided by WEC show that, in general, the moment demand-to-capacity 
ratios are significantly lower than the shear demand-to-capacity values. In other words, 
for out-of-plane action, shear demand is more critical than flexural demand; if the loads 
were increased in fixed proportion, the wall would sustain a brittle shear failure first.   

The NRO staff had already responded to this assertion in Reference 6 stating that (a) 
NRC consultant, based on demand-to-capacity ratios provided by the applicant, 
assumed a proportional increase of the loads above the design-basis loads, to conclude 
that a corresponding proportional increase of out-of-plane shears and moments would 
lead to shear failure before a flexural failure; and (b) this conclusion by the NRC 
consultant does not account for tensile forces in the SC faceplates caused by the 
overturning moments. These tensile forces, when combined with out-of-plane bending 
moments, 

which is consistent with the results from the applicant's analysis.

13. The DPO panel report did not consider the out-of-plane test with shear span/depth ratio 
of  as a shear test with a ductility ratio of contrary to the submitter’s statement noted 
in the DPO appeal. The DPO panel’s observation was mainly trying to indicate that the 
effective shear-span-to-depth ratio away from the connection areas (discontinuities) is 
high; therefore, the shear failure as observed in the test with low span-to-depth ratio is 
not applicable to areas with [relatively wide] tie rod spacing. 
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14. The DPO appeal working group was unable to locate a document that the NRC and the 
applicant (WEC) jointly established and agreed upon ductility criterion for the new SC 
wall element.  The staff SER, Page 3-145, outlines the applicant’s ductility acceptance 
criteria for in-plane and out-of-plane shear tests.

Considering the above, the DPO Appeal working group concludes that the response of the DPO 
Panel and the NRO staff to the submitter’s assertion regarding the out-of-plane shear capacity 
and ductility of the SC wall was reasonable.  However, the DPO Appeal working group 
recommends the following:

I. The NRO staff should verify that the out-of-plane shear strength of both the SC and RC 
portions of the shield building wall in the areas of expected plastic hinge - “structural 
fuse” - is larger than the shear force associated with the flexural over-strength of the 
SC/RC wall.

Furthermore, considering the fact that (a) the NSP analysis does not capture changes in the 
dynamic characteristics of the structure as yielding and stiffness degradation take place; and 
(b)  the applicant used the NSP analysis, instead of nonlinear response history analysis, to 
perform seismic margin assessment and to determine plastic hinge locations/sequence and 
force redistribution within the AP1000 shield building for a beyond design basis seismic event, 
the DPO Appeal working group recommends the following:

II. The validity of the inertia force distribution used in the AP1000 shield building nonlinear 
static pushover analysis should be verified to provide assurance that the shield building 
dynamic behavior has been adequately captured.

III. The reasonableness of the results of the AP1000 shield building nonlinear static 
pushover analysis in comparison with the nonlinear response history analysis method 
should be verified. 
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This enclosure provides the DPO Appeal working group perspectives on the in-plane shear 
strength of the shield building SC wall based on a review of information included in the 
submitter’s DPO appeal (Reference 1), the DPO Panel Report (Reference 2), the DPO Panel 
supplementary report (Reference 3), and the NRO staff SER (Reference 4).

As directed in the EDO memorandum (Reference 5), in light of the significant work already 
conducted in this case, the limited scope and primary focus of the DPO Appeal working group
was to apply the reasonableness test, as opposed to initiating an independent re-review, to 
issues raised in the DPO appeal against the responses provided in the DPO Panel reports and 
the NRO Office Director's findings to determine whether the issues were addressed sufficiently.  
Therefore, the perspectives of the DPO Appeal working group should not be construed as a 
peer review of the AP1000 shield building design.

Considering the above, the following excerpts from References 1 through 4 provide the 
background of the main technical issues regarding the in-plane shear strength of the shield 
building wall.

a) Submitter Assertion (DPO Appeal, Reference 1)

I. The DPO panel’s evaluation on the shear strength of the AP1000 shield building
relied solely on Mr. Loring Wyllie’s [DPO Panel consultant] opinion and judgment and 

fc’, 
which is the design basis of the AP1000 shield building.

II. The shear stress due to r
contradicting the DPO Panel Report statement that the AP1000 shield building wall 
has sufficient shear strength to resist RLE satisfying NRC seismic margin 
requirements.

III. There are modeling deficiencies (accidental torsion, P-delta effect, and irregular 
zigzag connection between the SC and RC wall) of the AP1000 shield building that 
could underestimate the magnitude of shear stress in the wall.

b) DPO Panel Report (Reference 2) and DPO Panel Supplementary Report (Reference 3)

I. Excerpt from Section 4.1.2.4 of DPO Panel Report

The Panel’s expert, Mr. Wyllie concluded that the in-plane shear capacity
of the SC wall should have been calculated considering the 

-plane 
shear, the ACI 349 equations are probably not directly applicable as the 

 provide for more shear capacity than a 
normal reinforced concrete wall. Using ACI 349, shear capacity would be 

 for shear.  The true in-plane shear strength is much greater 
and dependent on 
provide bond of the steel plates to the concrete core.
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“The Panel notes that for SSE loads, WEC conservatively ignored the 
contribution of the  and used the 
in-plane shear design capacity of the shield building wall as 
based on the  WEC’s estimate of the expected 
in-plane shear capacity based on Japanese tests that considers only the 
inner and outer steel plates is 

The computed in-plane shear capacity of  in Appendix L of the 
Shield Building Report (page L-93) was based on empirical equations 
supported by test data. The Panel is of the view that it is prudent to 
reduce the estimated in-plane shear capacity to account for uncertainties. 
Due to the potential uncertainties in the test program and the uniqueness 
of the SC structure, the Panel conservatively reduced the in-plane shear 
capacity by half . The computed in-plane shear 
force demand in the shield building wall due to SSE 

 is lower than the reduced in-plane shear 
capacity of   The in-plane shear capacity will envelope the RLE 
demand. This consideration also leads to a more realistic SSE design 
margin of  for in-plane shear force.

II. Excerpt from Section 4.1.4 of DPO Panel Report

“Based on the simplified and conservative assumptions for the HCLPF 
estimate for the shield building wall in-plane shear force, the Panel 
concludes that the HCLPF exceeds the review level earthquake (RLE) of 
0.5g and therefore, the thickness of concrete in the shield wall is sufficient 
to resist in-plane shear generated by the review level earthquake. The 
Panel further concludes that the shield building wall satisfies the NRC 
seismic margin requirements.”

III. Excerpt from Enclosure 5 to DPO Panel Supplementary Report

“In his email and attachment, the submitter cites a 1999 American 
Concrete Institute (ACI) report (ACI 445R-99) and National Earthquake 
Hazards Reduction Program (NEHRP) guidance which indicate in-plane 

the information finds that while it contains useful research and insights, 
the information has not reached the level of consensus to be codified in 
the latest building codes, which incorporate the state-of-the-art knowledge 
on the subject. This is evidenced by the observation that both ACI 349-01
and ACI 318-11, published after the ACI 445R report, contain shear wall 

the AP1000 Shield Building’s steel concrete composite (SC) walls was 
shown to be significantly greater than the ACI code capacity limits (see 
Figure 4 below). This is because the steel plates can carry large tension 
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and compressive forces needed to resist in-plane shear. As such, the 
submitter’s concerns related to the in-plane shear capacity of the AP1000 
Shield Building’s SC walls are of low safety significance.”

“Staff notes that the issue of in-plane shear capacity has been extensively 
discussed in the 2010 SB non-concurrence (NC) (ADAMS Accession No. 
ML103370648), the staff response to the NC (ADAMS Accession No. 
ML103020239), and the DPO Panel Report). This is not a new issue and 
the DPO panel addressed it thoroughly in its report.”

IV. Excerpt from Section 4.3.2(a)(i) of DPO Panel Report

“The cylindrical shell of the shield building (SB) intersects the rectangular walls 
and floors of the auxiliary building (AB). The intersection of the AB with the SB 
forms a continuous series of vertical and circumferential lines. These intersection 
locations where the SB is integrally connected to the AB are also the locations 
where the SC portion of the SB cylindrical wall transitions to RC and are referred 
to by the Submitter as the "irregular zigzag or step shape" boundary condition.”

“The "torsional irregularity" as a result of the zig-zag shape of the boundary 
connecting the SC and RC portions of the SB wall is created by the difference in 
stiffness between the SC and RC portions of the wall and the fact that the zig-zag 
boundary 

“….the increased stiffness of the SC portion over the RC portion was calculated 
by WEC 

 used to calculate the seismic demand 
on the SB.”

“It is the Panel’s expert judgment that the WEC finite element models have been 
constructed to adequately replicate the physical, geometric and material 
properties of the AB and SB structures, including the connectivity of the SB to the 
AB along the zig-zag boundary and the difference in stiffness between the SC 
and RC portions of the SB.  The Panel, therefore, concludes that the effects of 
the dynamic interaction between the AB and the SB, and the effects of inherent 
torsion due to the difference in stiffness between the SC and RC portions are 
appropriately reflected in the seismic analysis results for the SB wall.”

“To account for accidental torsion NUREG-0800, Section 3.7.2 requires that an 
additional eccentricity of 5% percent of the maximum building dimension be 
assumed for both horizontal directions separately for each floor elevation. The 
SRP also states that, "An acceptable alternative, if properly justified, is the use of 
static factors to account for torsional accelerations in the seismic design of 
Category I structures.”  ACI Codes 318 and 349 do not specifically require
consideration of accidental torsion.”
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“The  model used by WEC to perform the seismic analysis is a 
 model of the AP1000 nuclear island. In order to obtain 

the proper boundary conditions between the shield building cylinder and the 
other portions of the nuclear island, the shield building is modeled with the 
nuclear island that includes the auxiliary building and containment internal 
structure (CIS).”

c) NRO Staff SER

Excerpts from pages 3-147, 3-148 and 3-149:

“In summary, the staff finds that the purpose of shear tests is to establish the 
minimum shear reinforcement  to the SC module so that it can function 
as a unit to resist both out-of-plane and in-plane shear forces, provide sufficient 
ductility (energy absorption/dissipation capability) for seismic-induced energy, 
and provide sufficient stiffness for the shield building to meet the allowable 
building drift limit. The staff finds that the tests were an acceptable basis to 
establish this minimum.”

“The staff’s review of the test plan for the in-plane shear test (Section 7.12) finds 
that the test model and test set-up boundary conditions [ ],  as shown 
in Figures 7.12-1 to 7.12-5, may provide additional resistance and can lead to an 
over-estimation of the actual strength of the SC wall module.  The applicant had 
to terminate the test after [ ]  due to laboratory safety constraints and, 
therefore, could not complete the ductility test.” 

“The staff finds that although there were concerns regarding the test setup at 
Purdue, the test results indicate that the design for the in-plane shear strength 
criteria used [ ]  is adequate.” 

“The staff reviewed the Ozaki paper, and found that the test was properly 
conducted and credible. In SER Table 3.8-1, staff performed a review of the 
Ozaki, et al. paper to compare a few key parameters of the AP1000 design and 
the S4-00NN specimen.  Based on this comparison, and the good agreement of 
SC parameters, the staff finds the applicant’s use of the test data to demonstrate 
ductility of the SC wall to be appropriate.” 

“For the in-plane shear test, the staff finds that the test results indicate that the 
design for the ACI 349 the in-plane shear strength criteria used, [

]  is adequate. The test results were inconclusive with respect to measurable 
ductility. However, cyclic ductility tests performed in Japan (documented in the 
Ozaki paper) indicate that the wall will exhibit ductile behavior under cyclic 
in-plane shear. On these bases, the staff concludes that the SC wall will provide 
adequate strength, stiffness, and ductility under design-basis (or SSE) seismic 
loads.”
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DPO Appeal Working Group Perspectives: 

The following summarizes DPO Appeal working group perspectives: 

1) The ACI 349 code has provisions in Chapters 11 and 21 relative to the in-plane shear 
capacity of the RC walls.  The upper bound limit of the in-plane shear capacity for the 

the upper bound limit of the in-plane shear capacity of the RC portion of the shield 
building wall should be calculated in accordance with Chapter 21 of ACI 349.

2)  of the SC wall has been supported by 
the in-plane shear tests.  The NRO staff SER found the experimental results obtained in 
the United States and Japan, to predict the in-plane shear behavior/capacity of the SC 
wall, acceptable and applicable to the AP1000 shield building SC wall.

3) The DPO Panel Report mainly addressed the in-plane shear capacity of the SC wall and 
noted that WEC conservatively ignored the contribution of the 

 and used the in-plane shear design capacity of the shield building wall as 
 based on the  alone. The DPO Panel Report further noted 

that the computed in-plane shear capacity of 
 was based on empirical equations supported by test data for 

SC modules. 

In addition, according to Appendix N9 “Steel-Plate Composite (SC) Walls” of AISC N690
(Reference 6), currently under review by the NRC staff/contractor for endorsement, the 
in-plane shear strength of the SC wall is calculated based on the strength of the face 
plates.  The calculation based on Formula A-N9-19 of Appendix N9 of AISC N690-12
(Reference 6) yields the in-plane shear strength of the shield building SC wall as 

 which is in-line with the in-plane shear capacity cited in the DPO Panel report 
and it supports the notion that calculating the in-plane shear capacity of the AP1000 SC 

Considering the above, the DPO Appeal working group concludes that the response in the DPO 
Panel Report to the submitter’s assertion regarding the in-plane shear capacity of the SC wall 
was reasonable.

The DPO appeal also stated that there are modeling deficiencies (accidental torsion, P-delta 
effect, and irregular zigzag connection between the SC and RC wall) of the AP1000 shield 
building that could underestimate the magnitude of shear stress in the wall.  This assertion was 
also included in the original DPO and responded in Section 4.3.2 (a)(i), (ii) and (iii) of the 
DPO Panel report and the DPO Panel supplementary report.  In this regard, the DPO Appeal 
working group concludes that the submitter did not provide any new information regarding the 
modeling deficiencies and the DPO Panel report, including the DPO supplementary report, and 
the NRO staff have adequately responded to these assertions.
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This enclosure provides the DPO Appeal working group’s perspectives of the concern related to 
punching-shear failure of the AP1000 shield building SC wall due to a beyond design-basis 
aircraft impact.  These perspectives are based on a review of information included in the 
submitter’s DPO appeal (Reference 1), NRO Office Director’s decision (Reference 2), DPO 
Panel report (Reference 3), the DPO Panel supplementary report (Reference 4), the NRO 
Director’s statement of views (SOVs) on the DPO Appeal (References 5, 6), the NRO Inspection 
Report for Aircraft Impact Assessment (Reference 9), the ACRS Report on the Safety Aspects 
of the Aircraft Impact Assessment for the Westinghouse Electric Company AP-1000 Design 
Certification Amendment Application (Reference 21), and additional references listed under the 
“References” section of this enclosure.  

As directed in the EDO memorandum (Reference 7), in light of the significant work already 
conducted in this case, the limited scope and primary focus of this review was to apply the 
reasonableness test, as opposed to initiating an independent re-review, to issues raised in the 
DPO appeal against the responses provided in the DPO Panel reports and the NRO Office 
Director's findings to determine whether the issues were addressed sufficiently. Therefore, the 
perspectives of the DPO Appeal working group should not be construed as a peer review of the 
AP1000 shield building design.

Considering the above, the following information summarized from References 1 through 6, 9, 
21, and 30, provide the background of the main technical issues raised by the submitter related 
to punching-shear failure of the AP1000 shield building SC wall due to an aircraft impact. 

a) Submitter’s Assertion (DPO Appeal, Reference 1)

The design of the AP1000 shield building SC wall is very strong, with great amount of 
energy absorption capability, in resisting bending (flexure), but very weak with small 
energy absorption capability in shear, based on the 

(indicated by the “red curve” in a figure in DPO 
2012-002).  The actual local failure mode of the wall, as a result of aircraft missile strike, 
should be punching shear instead of  as was evaluated and which controlled the 
shield building wall thickness for the design-basis hurricane-generated automobile 
missile.  As such, the shield building SC wall must be much thicker to adequately resist 
local aircraft impact loading in a punching-shear failure mode.   

The submitter asserted the following arguments in support of the above position:

I. Citing information on slide 69 of the presentation to the NRO Office Director and 
DPO Panel on September 8, 2014 (Reference 8), with the exception of the 
AP1000 shield building, the required concrete wall thickness for not being 
punched through by aircraft in the other designs or analyses listed there was 
about 6 feet.  The punching shear strength for a concrete slab, footing or wall is 
related to the square power of thickness and, 

 6-ft thick wall 
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II. The AP1000 shield building wall is neither simply supported nor fixed end 
supported in the circumferential direction, as considered in Dr Rashid’s [DPO 
Panel consultant] arch-shaped mathematical model to demonstrate the role of 
curvature in providing superior impact resistance of the shield building wall
(versus flat SC plates), with its fixity being some value in between. Therefore, the 
DPO Panel’s explanation that the arch-action from curvature, and support 
conditions, of the shield building were responsible for its great resistance to 
perforation by punching shear under aircraft impact is not convincing.  

III. The DPO Panel consultant’s aircraft impact analyses results from the
computer codes indicated a bending failure mode, suggesting that the shear
failure mode (the red curve) had not been, or had been incorrectly, coded into
the computer analytical models. 

b) Office Director’s Decision (Reference 2), DPO Panel Report (Reference 3), DPO Panel 
Supplementary Report (Reference 4), and Statement of Views on DPO Appeal 
(References 5, 6)

The NRO Office Director’s (OD) decision memo addressed the issues raised by the 
submitter, related to punching-shear failure under aircraft impact, as part of Safety 
Concern 2 in Section 3.3 and specifically in Section 3.3.2.  The OD’s decision agreed 
with the DPO Panel’s conclusion that the AP1000 shield building is capable of 
withstanding an aircraft impact, satisfies NRC’s aircraft impact assessment 
requirements, and there is reasonable assurance that the design protects public health 
and safety (Reference 2, Sections 3.3.1 and 3.3.4).

The DPO Panel addressed the submitter’s above concerns in Section 4.2, and 
specifically in subsections 4.2.3.1, 4.2.3.2, 4.2.3.3, 4.2.3.4, 4.2.3.5.2, and 4.2.3.5.3 of the 
DPO Panel Report. Additionally, the staff’s and DPO Panel’s supplementary evaluation 
of AIA benchmarking, the submitter’s comparison of AIA results for the AP1000 SB and 
another design (EPR), and the influence of arch-action from curvature effects of the 
shield building are documented in Enclosures 4, 5, and 6, respectively, of the DPO 
Panel Supplemental Report.  The NRO OD’s statement of views (Reference 5) regarding 
the DPO appeal concluded that the appeal does not provide any new information or new 
interpretation of existing information that changes the positions described in the 
decision.  The basis for this conclusion was documented in a summary of a meeting held 
on June 17, 2015 (Reference 6). Excerpts of how these documents addressed the 
concerns raised in the DPO appeal are included below.

Excerpts from the basis (Reference 6) for the OD’s SOVs (Reference 5) on the DPO 
Appeal: 

Automobile impact is a design basis event which is analyzed using standardized
procedures [for punching shear] in structural design standards. This approach
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was used by the applicant and NRC staff for assessment and review of the 
design basis tornado missile impact on the AP1000 nuclear island.

For assessment of the more complex dynamic impact loads from beyond design
basis aircraft impacts, the applicant and NRC staff used the guidance of
Regulatory Guide (RG) 1.217, “Guidance for the Assessment of Beyond-Design-
Basis Aircraft Impacts.” This guide describes usage of three-dimensional non-
linear finite element analyses to account for the various mechanisms and
interactions that resist the impact loads.

The RG 1.217 approach was used by Westinghouse for the AP1000 shield
building analysis, and explicitly addressed punching shear. The model used by
Westinghouse was sufficiently detailed to determine local and global effects. The
NRC staff reviewed the Westinghouse analysis and concluded that it met
regulatory requirements. This analysis and two other [independent AIA] analyses 
described in the Panel’s reports [one by the DPO Panel consultant (Dr Joe 
Rashid) which focused on local effects, and one by NRC Office of Nuclear 
Regulatory Research (NRC/RES) which focused on global effects] demonstrate
that punching shear was not a controlling failure mode. 

….The submitter compares the AP1000 [shield building] to the EPR shield 
building.  However, the two structures are fabricated differently, with AP1000 
using SC panels while EPR uses conventional reinforced concrete.

Excerpt from Enclosure 4 of DPO Panel Supplemental Report of the NRO/DE evaluation 
of AIA Benchmarking: 

Between September 27 and October 1, 2010, staff performed an inspection of 
the WEC [Westinghouse Electric Corporation] AIA and specifically focused on 
the issue of concern (i.e., analytical model validation).  To support the staff, a 
structural engineering expert from Sandia National Laboratory who was familiar 
with the operating fleet’s vulnerability assessments helped to review the AIA of 
the Shield Building.  The inspection report (ADAMS Accession No. 
ML102980583) describes the staff’s review of the AIA to ensure consistency with 
subsection 2.4.1(4) of NEI 07-13 [regarding benchmarking of computer models 
for AIA] as follows:

The NRC inspection team reviewed the WEC AP1000 AIA structural 
damage assessment including design inputs, analysis parameters and 
assumptions, computer codes, method used for structural analyses and 
results. Specifically, the NRC inspection team reviewed the LS-DYNA 
computer code used in the structural analysis for the AP1000 AIA to 
determine if the applicant had adequately validated and verified the code 
for the applicable class of problems assessed and had adequately 
documented the validation and verification. DG-1176, in Section 2.4.1 of 
NEI 07-13 states that “new design features may be subject to failure 
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modes that are outside of their existing experience base, and may require 
experimentally-verified analytical evaluation” or benchmarking.

The AP1000 Shield Building makes use of steel concrete composite 
construction for which there is greater uncertainty with respect to impact 
behavior compared to reinforced concrete. WEC performed 
benchmarking of the LS-DYNA analysis code on steel concrete structures 
using the Winfrith concrete model. The NRC inspection team reviewed 
the benchmarking process and the technical justification and verified it to 
be accurate and complete.

During subsequent inspections (in May 2011 through August 2011; see ADAMS 
Accession No. ML112650748), the staff re-examined WEC’s benchmarking and 
verified that the 

Excerpt from Enclosure 4 of DPO Panel Supplemental Report of the DPO Panel’s 
Supplementary Assessment of AIA Benchmarking

The purpose of analytical model validation and benchmarking is to provide 
assurance that the computer code can adequately model the SB wall’s structural 
behavior to simulate the response due to aircraft impact. The staff’s inspections 
of WEC’s model validation and benchmarking provide the Panel with additional 
assurance that the computer code can adequately model the SB wall’s structural 
behavior to simulate the response due to aircraft impact.  To further assure that 
the WEC analytical model validation and benchmarking efforts resulted in a 
quality AIA, the NRC staff, using the same computer code as WEC, performed 
an independent detailed AIA, and confirmed the WEC result that the aircraft does 
not result in perforation of the SB wall.  In addition, the DPO Panel’s aircraft 
impact expert, using a different computer code, confirmed the same result (See 
DPO Panel Report pages 34 and 35.).

Excerpts from Enclosure 5 of DPO Panel Supplemental Report of the staff’s evaluation 
and DPO Panel’s supplementary evaluation:

The submitter’s email [dated May 1, 2014] makes a comparison of AIA results for 
the AP1000 SB and another nuclear power plant design (EPR).  This issue is 
also discussed in the submitter’s DPO and addressed in the DPO panel report (in 
Section 4.2.3). The submitter’s concerns of inadequate wall thickness, based on 
other certified designs (that have been or are under review), have been raised 
before by the submitter.  The staff position is that this approach is an 
oversimplification that neglects various significant aspects that inf luence the 
behavior of a wall subject to impact load, such as reinforcement ratio, wall 
span/radius, and curvature.  The AP1000 Shield Building wall thickness has been 
verified by three independent AIAs to be adequate.
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…The DPO Panel agrees with the staff’s evaluation of the Submitter’s email of 
May 1, 2014 contained in Enclosure 5.

Excerpt from Section 4.2.3.1 of DPO Panel Report:

The SC panel in the AP1000 [shield building] forms a curved cylindrical shell.  
…...  It is the curvature of the AP1000 shell wall, which was not incorporated in 
the Purdue tests, that significantly reduces the shear stresses in the SC wall 
under external loading, enhances ductile behavior and allows large amounts of 
energy to be absorbed.  Therefore, in the context of aircraft impact, the test 
results for a flat SC panel cannot be directly compared to a curved SC panel 
which is part of a continuous shell.  

Excerpts from Section 4.2.3.2 of DPO Panel Report:

Due to their curvature, thin shells offer important advantages over flat plates.  
Shell structures permit substantial savings of material (i.e., reduced thickness) 
compared with designs using flat concrete walls.  This 

This type of structural behavior, which is unique to shells, is often 
referred to as "arching action." It is the arching action of the cylindrical shield 
building shell wall, more than any other single feature, that explains the fact that 
the  thick shell of the AP1000 shield building wall can resist aircraft impact 
loads without being perforated, while the 3'-6" thick RC flat wall of the ESBWR 
reactor building, the 4'-0" thick RC flat wall of the STP ABWR reactor building, 
and the 4'-0" thick SC wall analyzed by Mullapudi, are all perforated by the
aircraft impact loading.

……In his report [4.2(h)], Dr. Rashid concludes: 

 - the arching action effect.

Excerpt from Section 4.2.3.5.3 of DPO Panel Report:
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The same proven techniques used to develop RC finite element models are used 
to develop the finite element model of the SC module.  Dr. Rashid has spent over 
40 years developing concrete constitutive laws and developing composite finite 
element models.  Again, the techniques used to construct composite models of 
the SC module are the same as those used to construct the composite models of 
RC.  The constitutive laws of all components: the concrete, the steel, the Nelson 
studs, the shear ties, have been well known and continuously improved through 
decades of testing and analytical research, as are the techniques for connecting 
them to form the composite component.  

Excerpt from Section 4.2.5.1 of DPO Panel Report:

In [DPO Panel Report] Section 4.2.3.2 the Panel's expert, Dr. Rashid, 
demonstrated the significant effect that shell curvature has on the ability of the 
SC panel to resist aircraft impact.  It is this curvature, which is the reason why the 
SC panel of the SB can survive an aircraft impact without perforation while 
thicker SC flat panel and RC walls are perforated by the aircraft. 

Based on the Panel’s review of the aircraft impact analysis performed by Dr. 
Rashid, the Panel concurs with his conclusion that

c) NRO Inspection Report No. 05200006/2010-203 (Reference 9): 

Excerpt from “Executive Summary:”

…. This AIA inspection was performed to verify that the WEC AP1000 AIA 
complies with the requirements of 10 CFR 50.150 and to ensure consistency with 
the industry guidance documented in Nuclear Energy Institute (NEI) 07-13, 
“Methodology for Performing Aircraft Impact Assessments for New Plant 
Designs,” issued May 2009. NEI 07-13 has been endorsed by the NRC in Draft 
Regulatory Guide 1176 (DG-1176) “Guidance for the Assessment of Beyond-
Design-Basis Aircraft Impacts,” as one means of performing an AIA acceptable to 
the NRC.  …

Excerpts from Section 3.b.3 “Containment structure and spent fuel pool specific impact 
assessment”: 

The applicant properly accounted for the effects of local impact loading by 
performing detailed finite element analyses using wall panels and a projectile 
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whose parameters matched those supplied by the NRC.  These analyses were 
performed using benchmarked analysis methods.

……The applicant used the Winfrith concrete damage model consisting of 
material properties and equations used to model the nonlinear behavior of 
concrete materials used in the analyses.  The various steel components, 
including reinforcements, were modeled with appropriate elasto-plasticity models.

Excerpts from Section 3.a “Inspection Scope of partial list of documents reviewed by 
staff related to computer code benchmarking for “Structural Damage Assessment:” 

6. APP-1000-S2C-041, “LS-DYNA Benchmarking for OOP Shear Test for SC 
Beam with a/d=3.5,” Revision 0, dated September 27, 2010.

11. SMIRT-18-J05-1, “Investigation on Impact Resistance of Steel Plate 
Reinforced Concrete Barriers against Aircraft Impact,” Part 1: “Test Program and 
Results,” dated August 12, 2005

Excerpts from Section 3.b.2 “General Structural Analysis”: 

The AP1000 Shield Building makes use of steel concrete composite construction 
for which there is greater uncertainty with respect to impact behavior compared 
to reinforced concrete.  WEC performed benchmarking of the LS-DYNA analysis 
code on steel concrete structures using the Winfrith concrete model.  The NRC 
inspection team reviewed the benchmarking process and the technical 
justification and verified it to be accurate and complete.

The NRC inspection team reviewed the assumptions used in the structural 
damage analyses.  For the purpose of validating predicted structural damage to 
the Shield Building, the applicant performed an analysis of an impact experiment 
involving steel concrete (SC) panels and a deformable projectile.  The applicant’s 
comparison of predicted and measured results agreed reasonably well.  The 
NRC inspection team verified that the applicant used sufficient modeling and 
meshing refinement in the structural damage analyses.

  
d) Advisory Committee on Reactor Safeguards (ACRS) Report on the Safety Aspects of 

the Aircraft Impact Assessment for the Westinghouse AP-1000 Design Certification 
Amendment Application (Reference 21)

Excerpt from “Conclusion and Recommendation” Section:

The WEC AIA for the design described in the AP1000 DCA application, as 
modified to resolve NRC inspection findings, complies with the requirements of 
10 CFR 50.150.

Excerpts from “Discussion” Section:
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The AP1000 shield building includes a 32 ft. diameter opening in the conical roof 
which is an essential feature of the passive containment cooling design. This 
opening is surrounded by the Passive Containment Cooling System water 
storage tank. During our November 2-3, 2010, subcommittee meeting, issues 
arose concerning the potential for significant aircraft impact debris to pass 
through the opening and impact the steel containment vessel. WEC conducted
appropriate analyses, which we reviewed during our November 17-19, 2010, 
subcommittee meeting. Using realistic assumptions for the impact locations of 
concern, these analyses demonstrated that no significant debris would impact 
the steel Containment Vessel (CV). In addition, WEC performed a more 
conservative analysis in which a large mass consisting of debris and the shield 
plate, was assumed to fall on the steel CV. This impact resulted in only a
relatively small amount of plastic deformation and no penetration of the CV.

Our December 13, 2010, letter concerning the AP1000 DCA application 
describes the SC design, including the addition of tie bars between opposite 
faceplates of the SC modules. The spacing of these tie bars is smaller in areas of 
higher, out-of-plane, design basis shear demands - i.e., near discontinuities and 
connections - than it is in the majority of the shield building wall structure where 
these demands are lower. Aircraft impacts, unlike design basis events, can
impart high out-of-plane shear demands in regions of the shield building wall with 
greater tie bar spacing.  As discussed in our letter of December 13, 2010, these 
areas can fail in a non-ductile manner under such loads. In order to assure 
acceptable realism in the analyses, it must be demonstrated that the finite 
element models used in the AIA adequately describe this non-ductile behavior 
under high out-of-plane shear loads. WEC provided comparisons of the 
predictions of the LS-DYNA model with an experiment on a beam representing a 
SC structure with greater tie bar spacing under high out-of-plane shear loads. 
The load-deformation behavior predicted by the model agreed well with the 
results of the experiment; the comparison adequately supports the use of the 
model for these analyses.

In addition to the possibility of global structural failure, there is also a potential for 
local failure due to penetration by hard objects such as an engine or landing 
gear. The AIA analysis included comparisons of the predictions of the LS-DYNA 
model with penetration tests conducted in Japan on SC structures. The 
predictions show adequate agreement with the tests. Although the geometry of 
the specimens in these tests differs from that of the shield building, the 
comparisons support the use of the model to predict local failures associated with
aircraft impact.
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e) Closure Memo of Follow-up Action from the Decision Regarding DPO 2012-002 with 
focus on the Passive Containment Cooling System Tank and Postulated Debris 
(Reference 30) 

Based on the recommendation in the DPO Panel Supplemental Report, as one of three 
follow-up actions, the NRO Office Director’s Decision directed the NRO staff to perform 
an inspection of WEC’s aircraft impact assessment documentation, focusing on the PCS 
tank and any postulated debris impact on the steel containment vessel. This follow-up
action was completed by NRO. The NRO staff conducted the inspection on July 27-31, 
2015, December 9-10, 2015, and February 11, 2016, and the results of the inspection 
are documented in NRC Inspection Report No. 9900404/2015-203 dated April 16, 2016 
(ADAMS Accession No. ML16099A049), and closure of the follow-up action is 
documented in a memo to the NRO Office Director dated June 24, 2016 (ADAMS 
Accession No. ML16146A662). A partial excerpt from the closure memo documented
that:

The staff verified that the final modeling and analyses were reasonable and 
realistic and agreed with WEC’s conclusion that the inner wall of the PCS tank 
would remain structurally intact so that no significant debris would be expected to 
impact the shield plate and subsequently the steel containment vessel. In addition, 
the staff reviewed: 1) the analysis of the shield platform assembly impacted by a 
large piece of debris falling from above, 2) the analysis of the steel containment 
[vessel] impacted by the shield platform assembly with a large amount of 
accumulated debris, and 3) the analysis of shield building roof impacted by a large 
commercial aircraft. The staff found the assumptions in these analyses were 
realistic and the results acceptable, and agreed with WEC’s conclusion that the 
containment pressure boundary would not be breached.

DPO Appeal Working Group Perspectives 

The DPO Appeal working group met with cognizant staff in RES on December 5, and 17, 2015; 
and with the DPO Panel on February 8, 2016, to gain insights into their independent aircraft 
impact analyses of the AP1000 shield building. 

The submitter’s claim that the AP1000 shield building SC wall will fail in the punching-shear 
failure mode is based on the “brittle [non-ductile]” shear test failure, indicated by the “red curve”
in a figure in DPO-2012-002, observed in the monotonic static out-of-plane load test of a large-
scale SC-wall beam test specimen with shear span-to-depth ratio of   As documented in 
Section 7.7 of the Design Report for the AP1000 Enhanced Shield Building (Reference 10), this 
test and two others with different shear span-to-depth ratios satisfied its objective of
demonstrating that the out-of-plane shear strength of the AP1000 SC wall can be estimated 
using ACI 349 code provisions for reinforced concrete beams.  

 It should be noted that there was 
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no indication of tear or fracture of either of the faceplates when the test was concluded.  Further, 
it should be noted that punching-shear (two-way shear) behavior, which is the submitter’s issue 
of concern, is not dependent on shear span-to-depth ratio and the “red curve” indicates data 
from an out-of-plane shear (one-way shear) test and is not representative of punching-shear 
behavior.  The submitter’s claim that the 

 6 ft thick does not factor the presence of 
the two solid steel faceplates in the SC wall (or recognize that there is a difference in structural 
behavior between RC and SC structure), and is considered a simplification of the ACI Code 
punching shear strength equation because it does not consider that the critical perimeter is 
defined by the loaded area with each side increased by the thickness, and not by the thickness 
alone. 

As explained in Section 4.2.3.5.3 of the DPO Panel Report, aircraft impacts are beyond design-
basis events and are beyond the scope of and not evaluated to the requirements of construction 
codes such as ACI 349 or ACI 318 used to design the structure for design-basis loads and load 
combinations.  As indicated in Section 19.5 of NUREG-0800 Standard Review Plan (SRP), 
aircraft impact assessments (AIA) of new reactor designs to meet the requirements of 10 CFR 
50.150 are recommended to be performed in accordance with Regulatory Guide (RG) 1.217 
August 2011 

“Guidance for the Assessment of Beyond-Design-Basis Aircraft Impacts.” This 
RG endorses the guidance in Nuclear Energy Institute (NEI) 07-13, “Methodology for 
Performing Aircraft Impact Assessments for New Plant Designs,” as an acceptable method for 
use in satisfying the NRC requirements in 10 CFR 50.150(a) regarding the assessment of 
aircraft impacts for new nuclear power reactors.  
 
For realistic analysis, it is not appropriate to compare traditional and conservative ACI code-
based punching-shear (two-way shear) evaluation methods, for design of reinforced concrete 
slabs and footings (where the static punching-shear force is easily calculated from design loads) 
that was conservatively used by the applicant for “design-basis” impact loading (e.g., hurricane- 
or tornado-generated automobile missile) to the more complex realistic and best-estimate 
analyses methodologies that were used by the applicant, the DPO Panel’s consultant, and 
NRC/RES to analyze the effects of short-duration beyond-design-basis aircraft impact loading.  
These impact analysis methodologies use non-linear dynamic finite element analyses of the 
shield building in its structural context as a cylindrical shell structure.  Because of the complexity 
involved in transforming a dynamic impact energy to an impact force that varies with time during 
the duration of impact, these methods use the NRC-specified impact force time-history of the 
aircraft missile (generally for global analysis) or apply the NRC-specified missile impact 
parameters, or equivalent, as an initial velocity problem (generally for local impact loading) to 
define the dynamic impact loading. Further, it is important to clarify that there is a difference in 
the definition of “failure criterion” for design-basis loads and beyond-design-basis aircraft impact
loading. For beyond-design-basis aircraft impact events, consistent with the guidance in RG 
1.217 (Reference 13) and NEI 07-13 (Reference 14), the selection of dynamic strength 
properties including strain-rate effects and non-linear strain-based failure criteria representative 
of realistic best-estimate material behavior beyond yield strain is appropriate, and the acceptance 
criteria for local aircraft impact effects is that the SC wall is not perforated.  This criteria can be 
satisfied in the limiting case by demonstrating that the tensile strains in the 
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 does not 
exceed the limiting values recommended for ferritic steel plates and shells in NEI 07-13 or a 
conservative value, whether or not there is tearing of the front steel-plate and/or fracture of the tie 
rod following concrete cracking under impact loading.  Therefore, while 
meant failure in the static load test (red curve) intended to determine out-of-plane shear strength, 
it does not necessarily mean failure under beyond-design-basis transient aircraft impact.  Insights 
gained from the briefing received by the DPO Appeal working group on the confirmatory global 
aircraft impact analysis of the SC wall by NRC/RES using a symmetry model of the entire shield 
building indicate that the progression of impact does result in large deformations from concrete 
cracking, yielding of the faceplates, yielding and fracture of tie rods around the impact area, and 
ductile flexural yielding and bulging of the faceplates from dishing of the SC wall, but the strains 
in the faceplates remain within the failure limits recommended in NEI 07-13.  The analysis also 
indicated rebound of the SC wall after reaching peak deformation as the impact load reduces.
The analyses by the DPO Panel consultant (Reference 11), focused on local impact effects, also 
indicated large deformations without rupture of the steel faceplates.  These confirmatory 
analyses indicated no perforation failure of the SC wall by punching-shear effects from local or 
global aircraft impact loading, as was concluded by the staff in its inspection (References 9, 27) 
of WEC’s AIA of record. 

As indicated above, the use of conventional conservative ACI code-based design equations for 
two-way shear of reinforced concrete to evaluate punching-shear effects is not realistic for 
analysis of beyond-design-basis dynamic (transient) aircraft impact loading, and is not 
recommended in the guidance in Section 2.1.2 of NEI 07-13 even for reinforced concrete 
structures. The code-based strength equation is overly conservative because it does not 
account for the transient nature of the aircraft impact loading, the dynamic characteristics of the 
structure, and strain rate effects involved under impact loading.  The required reinforced concrete 
wall thickness to prevent perforation under local impact loading effects (e.g., punching shear) of 
an aircraft impact is typically determined in AIAs using the recommended empirical local loading 
formulas in Section 2.1.2 of NEI 07-13. It should be noted that these formulas are not expressed 
as a function of the square power of thickness.  These formulas are based on experimental data 
from missile impact tests on flat reinforced concrete panels; not on SC walls.  Therefore, 
consistent with the guidance in RG 1.217, WEC used bench-marked 

(References 9, 21, and Enclosure 4 of DPO Panel Supplementary 
Report) capable of capturing different potential failure mechanisms and interactions, where the 
shield building is modeled in its structural context as a cylindrical structure, to evaluate the local
and global effects of aircraft impact loading.

The DPO Appeal working group found it noteworthy that published literature of comparative 
experimental and analytical studies have confirmed that SC panels have better impact resistant 
performance than conventional reinforced concrete panels (References 15, 16, 17, 18), enabling 
the thickness of protection panels to be reduced by approximately 30 percent in comparison with 
a reinforced concrete panel for similar or higher protective capability (References 15 and 16).  
Analytical studies by Johnson et al (Reference 17) on load-deformation behavior of impulsively 
loaded flat SC panels demonstrate that a typical structural response sequence of an SC panel to 
failure under missile impact is defined by localized failure of the concrete, yielding of the bottom 
plate, tie bar rupture, and load-displacement strain hardening until the bottom steel plate 
ruptures.  This study also concluded that, while the ductility for SC walls may be less than that of 
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RC walls, the much larger reinforcement percentage for SC walls affords them superior impact 
resistance (References 17, 18).  An AIA, described in Reference 19, of the CAP1400 shield 
building, of similar SC construction with a slightly thicker 1.1 m (3.6 ft) cylindrical SC wall of 
approximately 45.6 m (150 ft) internal diameter and 18.5 inch tie rod spacing (Reference 20)
compared to the  internal diameter and tie rod spacing for the AP1000 SC 
wall, concluded that the integrity of the SC wall is maintained after impact with no perforation.
This analysis indicates that only a small part of the outer steel plate is damaged and only a small 
part of the inner steel plate reaches plastic phase with a peak deformation of 130 mm (5.12
inches). The deformation of the inner side is almost the same as the outside and the structure 
rebounds after peak deformation when the impact load reduces. Although the design and impact 
parameters in this paper may not be exactly the same as for the AP1000 AIA, the structural 
characteristics and response reported in this analysis is the best comparable in the open 
literature to the AP1000 shield building and provides supporting evidence of the performance of 
cylindrical SC construction under aircraft impact loading.  The studies mentioned above further 
support the conclusions from the aircraft impact analyses performed by the applicant (WEC), the 
DPO panel consultant, and RES using methodologies consistent with the Force Time-History 
and/or Missile-Target Interaction analysis methods described in Section 2.2 of NEI 07-13. 

The statement of considerations for the 10 CFR 50.150 “Aircraft Impact Assessment” rule 
(Reference 12) specifies that “realistic analyses” be used.  It further states that the NRC may not 
require, and an interested person in a contention hearing or in a design certification rulemaking 
comment may not argue, that the designer use a conservative, as opposed to a realistic analysis, 
or vice versa as long as the designer’s analyses are within the bounds of known data, known 
physical phenomena, and use professionally-accepted approaches.

With regard to the submitter’s assertion that the DPO Panel consultant’s confirmatory AIA 
analyses results from the computer codes indicated a bending failure mode, suggesting that the
shear failure mode (the red curve) had not been, or had been incorrectly, coded into the
computer analytical models, it should be noted that the 

 of the shield building, used by WEC, the DPO Panel consultant, and NRC/RES in their 
AIAs, 

(References 9, 11, and interview with NRC/RES staff) and capable of capturing different 
structural failure limit states.  Further, the 

 (Reference 9, and 
Section 4.2.3.5.3 of DPO Panel Report (Reference 3)). Further, a similar modeling approach 
was also used in the impact analyses of SC panels or structures documented in References 16 
through 19 and Reference 23.  Thus, the explicit modeling approach used is professionally-
accepted widely, consistent with the guidance in RG 1.217 and NEI 07-13, and was used for 
global structural aircraft impact assessment of all US design-certification applications reviewed 
by the NRC thus far, and considered appropriate for realistic best-estimate impact analyses for 
both local and global effects. Additionally, while the

(discussed in the next 
paragraph) or defining a failure strain limit, in explicit modeling it would not be appropriate to use 
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a single “red curve” from the monotonic shear test of an SC beam module, which does not 
represent a constitutive relationship nor punching-shear behavior, because the constitutive 
relationships and strain-based failure criteria are different for the subcomponents of the SC 
module, for beyond-design-basis aircraft impact analyses involving large deformations.   Thus, 
the analysis results of the DPO panel consultant is considered more representative of the 
realistic behavior of the shield building SC wall and consistent with the intent of the rule for 
beyond-design-basis structural assessment under aircraft impact loading. 

The AIA of record for the certified AP1000 shield building is that performed by WEC using the 
LS-DYNA computer code.  Section 4.2.3.5.2 of the DPO Panel Report, Enclosure 4 of the DPO 
Panel Supplemental Report, the NRC Inspection Report No. 05200006/2010-203 for the 
AP1000 AIA, dated October 28, 2010 (ML102980583), and the ACRS letter report dated 
January 19, 2011 (ML110210462) document that these analyses were performed using an 
adequately benchmarked computer code. These documents indicate that the WEC computer 
code was benchmarked to experimental impact data for SC panels in the paper by Mizuno et al, 
and the 

The discussion in Enclosure 4 of the DPO Panel Supplemental Report further indicates 
that the staff’s additional AIA inspections verified that the steel failure strain limit imposed in the 

As noted in Enclosure 4 of the DPO Panel 
supplemental report, the two AIAs performed independently by other experts (i.e., NRC/RES 
staff and DPO Panel consultant) provides additional assurance as to the ability of the WEC 
model to produce reasonable results.  It should be noted that the AIAs performed by NRC/RES 
and the DPO Panel Consultant were confirmatory in nature that came to similar conclusions to
the WEC AIA.

It is also well understood in structural mechanics that because curvature of a structure provides 
additional resistance to transverse deformation under load, shell structures resist a large portion 
of applied lateral load (including impact loading, pressure etc.) by membrane (axial) compression 
or tension, thereby reducing bending moment and shear forces caused by external load.  
Evidence of the effect of SC wall curvature and stiffening effect produced by arch action of the 
cylindrical wall was seen in the early part the impact deformation history in the DPO Panel 
consultant’s aircraft impact analyses (Reference 11). The solid steel faceplates of the SC wall 
also afford them additional impact resistance. The DPO panel consultant’s analyses in 
Reference 11, focused on local aircraft impact effects, was performed using the missile-target 
interaction analysis method that models the complex interaction of the aircraft with the impacted 
structure.  Since the analysis was focused on vulnerability of the shield building to local 
punching-shear failure mode, a 180-degree cylindrical wall span was modelled. Fixed boundary 
is assumed at the base of the cylindrical wall, which is the appropriate condition at the foundation 
level.  Roller supports which allow free radial and axial (vertical) displacements were assumed in 
the r-z symmetry plane, which is conservative because it maximizes the punching-shear effects.  
Two boundary condition cases were analyzed for the top boundary of the wall at the spring-line 
where it joins the conical roof: a totally free boundary, and a totally fixed boundary.  The first case 
allows more bending deformation under impact and maximizes the structural deformation to 
punching shear loading because part of the energy is absorbed through bending-induced 
damage in the wall.  The top constraints in the second case focus the deformations locally and 
maximizes the potential for punching shear damage. As indicated by the submitter, the actual 
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boundary condition at the top may be something in between the two cases.  However, the 
boundary conditions used in the analyses in the symmetry plane and at the bottom are 
appropriate with the two analyses cases for the top boundary providing bounding cases of actual 
conditions at the top. 

As discussed previously, it is noteworthy that the AIA analysis published in the open literature 
that can be considered most applicable and comparable to that of the  AP1000 shield 
building  is that of the 3.6 ft thick CAP1400 
cylindrical steel-plate concrete composite (SC) shield building (157.2 ft outer diameter and 18.5 
inch tie rod spacing) summarized in References 19 and 20. The aircraft considered in the 
analysis has a weight of 204 tonnes (metric) and a velocity of 156 m/s.  This AIA analysis 
concluded that the structural integrity of the CAP1400 shield building remains intact after impact 
with a maximum deformation of 130 mm (5.1 in), and provides adequate protection of public 
health and safety under the postulated aircraft impact. The analysis modeling approach used in 
the AIAs of the AP1000 shield building is similar to that presented in this paper, and the 
structural response behavior under aircraft impact documented therein is also qualitatively 
similar to that observed for the AP1000 SB with larger deformation, providing supplementary 
supporting evidence that cylindrical SC construction provides adequate performance under 
impact loading.

The AIA analyses presented in the publication by Katayama, M., Itoh, M., and Rainsberger, R., 
“Numerical Simulation of Jumbo Jet Impacting on Thick Concrete Walls – Effects of 
Reinforcement and Wall Thickness (Reference 28),” also using non-linear dynamic finite 
element explicit modeling, is the impact of a Boeing 747 jet liner with a mass of 340 tonnes and 
velocity of 300 km/hr [83 m/s] striking a reinforced concrete (RC) flat panel wall150 m wide x 
60 m height with thicknesses of 1m, 2m, and 3m.  The bottom of the wall is rigidly fixed, while 
no boundary condition is applied to the other five surfaces (i.e., the target is a cantilever wall).  
The dynamic response of a structure under transient aircraft impact loading depends on the 
dynamic characteristics of the structure including the type of construction, mass and material 
properties, geometric and dimensional parameters, boundary conditions, and impact loading
parameters.  The construction and the dynamic characteristics of the CAP1400 (and AP1000) 
shield building SC wall as well as the aircraft impact parameters are different from that of the 
RC wall panel analyzed in Reference 28; however, it must be highlighted that the impact energy 
(which is a function of mass and square of the velocity) for the aircraft impact on a cylindrical SC 
structure in the Reference 19 paper (based on weight 204 t, velocity 156 m/s) is significantly 
higher (more than 2 times) than that considered in the analyses of the flat RC panel in 
Reference 28 (based on weight 340 t, velocity 83.3 m/s).  Recognizing the differences in 
construction, comparison of the results of the two analyses provides supporting evidence that 
the analyzed 1.1 m (3.6 ft) thick cylindrical SC structure in Reference 19 is capable of higher 
performance under aircraft impact loading than the 2m (6.56 ft) thick reinforced concrete flat 
panel analyzed in Reference 28. Also, comparing the results from the Reference 19 paper of 
the 3.6-ft thick cylindrical SC wall to that in Mullapudi’s paper (Reference 23), which indicated 
perforation of the analyzed 4 ft thick SC flat panel with 1-inch thick faceplates and 0.75-inch tie 
rods at 17 inch spacing, provides additional supporting evidence of the role of curvature in 
impact resistance of cylindrical SC structures compared to flat SC panels.  
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Considering the above, the DPO Appeal working group concludes that the findings in the Office 
Director’s Decision, and responses in the DPO Panel Report and Supplementary Report to the 
submitter’s assertion regarding the punching-shear failure of the SC wall under aircraft impact 
loading, and their conclusion that the AP1000 shield building will not be perforated by an aircraft 
impact, is reasonable.  
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