
Westinghouse Class 3 Nonproprietary

APP-1 200-S3R-003
Revision 3

September 2010

Design Report for the API 000
Enhanced Shield Building

A Westinghouse



WESTINGHOUSE CLASS 3 NONPROPRIETARY

APP-1200-S3R-003
Revision 3

Design Report for the AP1000 Enhanced Shield Building

September 30, 2010

This document contains sensitive unclassified non-safeguards information (SUNSI) related to the physical
protection of an AP1000 Nuclear Plant. SUNSI information should be withheld from public disclosure
pursuant to 10 CFR 2.390(d).

Westinghouse Electric Company LLC
P.O. Box 355

Pittsburgh, PA 15230-0355

© 2010 Westinghouse Electric Company LLC
All Rights Reserved

APP-1200-S3R-003R3-Front Matternp.doc-093010



APP-1200-S3R-003 WESTINGHOUSE CLASS 3 NONPROPRIETARY

TABLE OF CONTENTS

AP1000

LIST OF TAB LES ....................................................................................................................................... xi

LIST OF FIG URES .................................................................................................................................... xii

ACRONYM S AND ABBREVIATION S ................................................................................................ xxxii

a,c
S IN TRODUCTION ........................................................................................................................ 1-1

2 SH IELD B UILD IN G D ESIGN .................................................................................................... 2-1 a,c

Revision 3 iii



APP-1200-S3R-003 WESTINGHOUSE CLASS 3 NONPROPRIETARY AP1000

TABLE OF CONTENTS (cont.)

SHIELD BUILDING CYLINDRICAL WALL DESIGN ............................................................. 3-1 a,c

4 SHIELD BUILDING STEEL CONCRETE COMPOSITE TO REINFORCED
C O N CRE TE CO N N EC TIO N S .................................................................................................... 4-1 a,c

DESIGN OF THE TENSION RING AND AIR INLET STRUCTURE ....................................... 5-1

Revision 3 iv



APP-1200-$3R-003 WESTINGHOUSE CLASS 3 NONPROPRIETARY APIO00
APP-1200-53R-003 WESTINGHOUSE CLASS 3 NONPROPRIETARY APIOOO

TABLE OF CONTENTS (cont.)

6 REINFORCED CONCRETE REGIONS OF THE SHIELD BUILDING ................................... 6-1

7 SHIELD BUILDING TEST PROGRAM ..................................................................................... 7-1

a,c 0

Revision 3 
V

Revision 3 V



APP-1200-S3R-003 WESTINGHOUSE CLASS 3 NONPROPRIETARY

TABLE OF CONTENTS (cont.)

AP1000

a,c

8 BENCHM ARKING ...................................................................................................................... 8-1 a,c

Revision 3 
VI

Revision 3 vi



APP- 1200-S3 R-003 WESTINGHOUSE CLASS 3 NONPROPRIETARY

TABLE OF CONTENTS (cont.)

AP1000

a,c

9 CONSTRUCTION AND CONSTRUCTION INSPECTION ...................................................... 9-1 a,c

Revision 3 
vii

Revision 3 vii



APP- 1200-S3R-003 WESTINGHOUSE CLASS 3 NONPROPRIETARY

TAR! IF' nlI 9ANTJITNTI (onnt

AP1000

10

a,c

SHIELD BUILDING DESIGN PROCESS ........................................................... 10-1 a,c

11 SHIELD BUILDING DESIGN MARGIN AND CONSERVATISMS ....................................... 11-1 a,c

Revision 3 viii



APP-1200-S3R-003 WEST[NGHOUSE CLASS 3 NONPROPRIETARY AP1000

TABLE OF CONTENTS (cont.)

a,c
- 12 C O N C L U SIO N ........................................................................................................................... 12-1

Revision 3 
lx

Revision 3 ix



APP- 1200-$3 R-003 WESTINGHOUSE CLASS 3 NONPROPRIETARY AP1000

TABLE OF CONTENTS (cont.)

APPENDIX A

APPENDIX B

APPENDIX C

APPENDIX D

APPENDIX E

APPENDIX F

APPENDIX G

APPENDIX H

APPENDIX I

APPENDIX J

APPENDIX K

REVIEW OF INTERNATIONAL TEST DATA RELATED TO AP 1000
SHIELD BUILDING SC CONSTRUCTION ......................................................... A-1

LEV EL 2 A N A LY SE S ............................................................................................. B -1

LEV EL 3 A N A LY SES ............................................................................................. C -1

D ESIG N SK ETCH ES ............................................................................................. D -1

ACI 349 REINFORCEMENT DESIGN ..................................................................... E-1

FORCE CONTOURS OF LINEAR ELASTIC ANALYSIS .................................... F-i

EXCEL MACRO TO SIZE REINFORCEMENT ................................................... G- 1

ATTACHMENT TO DCPNRC_002995 ............................................................... H-1

BENCHMARKING ANALYSIS .............................................................................. I-1

SHIELD BUILDING BEHAVIOR AND DESIGN PHILOSOPHY ........................ J-1

SHIELD BUILDING MARKUPS .......................................................................... K-1

Revision 3 
x

Revision 3 X



APP- 1200-S3R-003 AP1000

LIST OF TABLES a,c

Revision 3 xi



APP- 1200-S3R-003 AP 1000

LIST OF TABLES (cont.) a,c

Revis•in 3 xii



APP-1200-S3R-003 AP 1000

LIST OF TABLES (cont.) a,c

Revision 3 xiii



APP-1200-S3R-003 AP1000

LIST OF FIGURES a,c

Revision 3 
xiv

Revision 3 xiv



APP-1200-$3R-003 AP1000
APP-1200-S3R-003 AP 1000

LIST OF FIGURES (cont.) a,c

0

Revision 3 
xv

Revision 3 XV



APP-1200-S3R-003 AP1000

LIST OF FIGURES (cont.) a,c

Revision 3 
xvi

Revision 3 xvi



APP- 1200-$3R-003 AP1000
APP-i 200-S3R-003 AP 1000

LIST OF FIGURES (cont.) ac

Revision 3 
xvii

Revision 3 xvii



APP-1200-S3R-003 AP1000

LIST OF FIGURES (cont.)
a,c

Revision 3 xviii



APP-1200-$3R-003 AP1000
APP-i 200-S3R-003 APIOOO

LIST OF FIGURES (cont.) a,c

Revi~i~n 3 
xix

revision 3 xix



APP-1200-S3R-003 APO000

LIST OF FIGURES (cont.) a,c

Revision 3 xx



APP-1200-$3R-003 AP1000
APP-1200-S3R-003 APIOOO

LIST OF FIGURES (cont.) a,c 0

Revision 3 
XXI

Revision 3 xxi



APP- 1200-$3 R-003 AP 1000
APP-I 200-S3R-003 APIOOO

LIST OF FIGURES (cont.) a,c

Revision 3 xxii



APP- 1200-$3R-003 AP 1000
APP-I 200-S3R-003 AP1000

LIST OF FIGURES (cont.) a,c

Revision 3 
XX 111

Revision 3 xxiii



APP-1200-S3R-003 AP 1000

LIST OF FIGURES (cont.) a,c

Revision 3 xxiv



APP-1200-S3-003 AP 1000
APP-i 200-S3R-003 AP 1000

LIST OF FIGURES (cont.) a,c 0

0
Revision 3 XXV



APP-1200-S3R-003 AP 1000
APP-1200-S3R-003 AP 1000

LIST OF FIGURES (cont.) a,c

Revision 3 xxvi



APP- 1200-S3R-003 AP1000

LIST OF FIGURES (cont.) a,c

Revision 3 
XXVII

Revision I xxvii



APP-1200-S3R-003 AP1000

LIST OF FIGURES (cont.) a,c

Revision 3 xxviii



APP-1200-S3R-003 AP1000

LIST OF FIGURES (cont.) a,c

Revision 3 
XXIX

Revision 3 xxix



APP- 1200-S3R-003 AP 1000

LIST OF FIGURES (cont.) a,c

Revision 3 
xxx

Revision 3 XXX



APP-1200-$3R-003 AP1000
APP-I 200-S3R-003 AP1000

LIST OF FIGURES (cont.) a,c

0

Revision 3 
XXXI

Revision 3 xxxi



APP-1200-S3R-003 AP 1000

ACRONYMS AND ABBREVIATIONS

AASHTO American Association of State Highway and Transportation Officials
ACI American Concrete Institute
a/d shear span ratio
AISC American Institute of Steel Construction
ANSI American National Standards Institute
ASCE American Society of Civil Engineers
ASME American Society of Mechanical Engineers
ASTM American Society of Testing and Materials
ATR adiabatic temperature rise

AWS American Welding Society
BTU British thermal unit
CDFM conservative deterministic failure margin
CDP concrete-damaged plasticity
CEF concrete elastic fracture

CFR Code of Federal Regulations
CFS concrete-filled steel
CJP couple joint penetration weld
CO carbon monoxide
CSC concrete-smeared cracking
CSDRS Certified Seismic Design Response Spectra
CV containment vessel
DCD Design Control Document
DSER Design Safety Evaluation Report
EEDM earthquake energy dissipating mechanism
EPRI Electric Power Research Institute
FME foreign material exclusion
FFT fast Fourier transform
FR Federal Register
GD&T geometric dimensioning and tolerance
GDC General Design Criteria
GPR ground penetrating radar
GRT gamma radiography
HCLPF high confidence of low probability of failure
HRHF Hard Rock High Frequency
HVAC heating, ventilating, and air conditioning
IAEA International Atomic Energy Agency
ICC International Code Council
ITAAC Inspections, Tests, Analyses, and Acceptance Criteria
IEM impact-echo method
IMI Irving Materials, Inc.
IP in plane
IR impulse response
IRT infrared thermal imaging
JEAG Japanese Electric Association Nuclear Standards Committee

Revision 3 xxxii



APP-1200-$3R-003 AP 1000
APP- 1200-S3 R-003 AP1000

ACRONYMS AND ABBREVIATIONS (cont.)

kN kilonewton
ksi kips per square inch
LLL Lawrence Livermore Laboratory
LS-DYNA Livermore Software- Design Analysis

LVDT linear variable differential transformer
MN meganewton
MPa megapascal

MSIV main steam isolation valve
MTR mill test report
MTS materials testing system

NCHRP National Cooperative Highway Research Program
NDE nondestructive examination

NDT nondestructive testing
NRC U.S. Nuclear Regulatory Commission
NUREG Nuclear Regulatory Commission report

OC on center
OOP out of plane
PCS passive containment cooling system

PiP partial joint penetration
PSF pounds per square foot
PSI pounds per square inch
QA quality assurance
QC quality control
RAI request for additional information
RC reinforced concrete
RLE review level earthquake
RSA response spectrum analyses
RT radiography testing
SAFT synthetic aperture focusing technique
SB shield building
SBCEP Shield Building Construction Execution Plan

SC steel concrete composite
SCC self-consolidating concrete
Sr stress range
SRSS square root of the sum of the squares
SSE safe shutdown earthquake
USW ultrasonic surface wave
UT ultrasonic testing
VT visual inspection
W/CM water-to-cement ratio
WEC Westinghouse Electric Company

Revision 3 
xxxiii

Revision 3 xxxiii



APP- 1200-S3R-003 AP 1000

EXECUTIVE SUMMARY

AP1000 Shield Building Function

The AP 1000 Shield Building, a Seismic Category I structure, serves the following primary functions:

0 Provides shielding for the Containment Vessel (CV) and the radioactive systems and components
located in the Containment Building

0 Protects the Containment Building from external events during normal operations

* Provides the required shielding for radioactive airborne materials that may be dispersed in the
containment

a Provides support for the passive containment cooling water storage tank (PCCWST) for
containment cooling

* Provides for natural air circulation cooling of the containment vessel

Enhanced AP1000 Shield Building Requirements

On June 12, 2009 the U.S. Nuclear Regulatory Commission (NRC) issued a new regulatory requirement
(74 FR 28112) to address the beyond design basis aircraft impact events. Westinghouse developed the
enhanced Shield Building design for the AP1000 to address these requirements.

The original certified Shield Building was of reinforced concrete (RC) design. In response to the new
regulatory requirements, it was necessary to modify the AP1000 Shield Building design for the portion of
the Shield Building above grade that is not protected from external hazards by the Auxiliary Building
structure. The unprotected Shield Building structure was changed from an RC structure to an enhanced
(strengthened) steel concrete composite (SC) structure.

In the initial Westinghouse design process for the SC Shield Building, Westinghouse relied on the
conservative application of ACI 349 code provisions for RC nuclear structures and conservatively applied
these provisions to the SC design of the Shield Building. This conservative application design process
was consistent with design methodology that Westinghouse had developed for structural modules. This
methodology was based on calculations and analyses where finite element (F/E) analyses of the structure
are performed and the structural allowable limits are derived from the ACI 349 code. This methodology
is supported by extensive international testing and is the basis for other international building codes for
SC structures.

On October 15, 2009, the NRC provided a letter to Westinghouse summarizing their review of the
AP1000 Enhanced Shield Building design and the Westinghouse design process. The NRC determined
that the proposed design of the Shield Building would require modifications in some specific areas to
provide its ability to perform its safety function under design basis loading conditions and to support a
finding that it will meet applicable regulations.

Revision 3 ES- 1
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Specifically, the design of the steel and concrete composite structural module (SC module) must

demonstrate the ability to function as a unit during design basis events; the design of the connection of the
SC module to the RC wall sections of the Shield Building must demonstrate the ability to function during

design basis events; and the design of the Shield Building tension ring girder, which anchors the Shield
Building roof to the wall, must be supported by either a confirmatory test or a validated (or benchmarked)

analysis method.

As a result of the NRC review and findings of the enhanced Shield Building, Westinghouse is providing

an integrated approach in the revisions to the design, analysis, and testing to demonstrate that the Shield

Building structural components are integrated as a complete structure and act as a single unit to perform
the intended safety function under design basis loads. In response to the NRC letter, Westinghouse has

completed the following:

" Design changes were made to the Shield Building that improve its strength and ductility. With
the inclusion of tie bars connecting the surface plates, it is demonstrated that the structure will act

as a unit in response to design basis events.

" Design changes to the air inlets and tension ring region were made that improve its strength and

ductility. The tension ring is designed as a steel structure in accordance with American National
Standards Institute/American Institute of Steel Construction (ANSI/AISC) N690 and meets
design basis loadings.

* Design changes to the RC/SC connections to use mechanical connectors that directly transfer the

forces from the steel SC structure to the RC structure such that the connection will exhibit

strength and ductility during seismic events.

* A series of confirmatory tests were performed that demonstrate that the Westinghouse design

process that confirms that the ACI 349 code is conservatively applicable to the SC Shield
Building structure.

* The design of the Shield Building confirms that the standard design process used for the design

benchmarked nonlinear analyses demonstrate the overall strength and ductility of the AP 1000
Shield Building. Specifically these analyses demonstrate that the AP1000 Shield Building is

designed with adequate margin to withstand both the Safe Shutdown Earthquake (SSE) as well as

the review-level earthquake in accordance with NRC regulations.

" Performance of additional analyses that demonstrate ductility beyond that of the review-level

earthquake such that the SC Shield Building structure can be judged to be a safe and robust

design.

* Westinghouse and The Shaw Group have performed constructability reviews of the Shield
Building structure and have concluded that the design can be constructed such that the inherent

performance requirements of the SC Shield Building as described in this report will be met. The

design team has also identified inspection technologies that can be applied to SC.
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This Executive Summary and the detail information within the Design Report depict a revised design
process, revised design features, analysis, testing, construction, and inspection methodology that have
resulted from the Westinghouse response to the NRC's findings, as outlined in their October 15, 2009
letter.

The acceptability of the Shield Building design relative to its role of protection against a malevolent

aircraft crash is not addressed as part of this Design Report.

Process for Review and/or Revising the Design

Based on the NRC findings, Westinghouse supplemented its design team with additional outside industry
experts that included members from The Shaw Group, Inc., Purdue University, URS Corporation,
Obayashi Corporation, Ansaldo STS, NuStart and their consultants, Twining Laboratories, and Rutgers
University Research. The expanded team led by Westinghouse has developed an overall integrated design
process (see Figure ES-1) that includes consideration for civil/structural design, thermal/hydraulics and
analysis, seismic margin, aircraft crash, durability, testing, construction, and inspection of the Shield
Building. This integrated design process has resulted in Westinghouse incorporating design changes,

performing additional tests at Purdue University, and performing extensive analysis that demonstrates the
adequacy and safety of the AP1000 Enhanced Shield Building. The design, testing, and analysis are
presented in this enclosed report.

Thermal/
Hydraulics

CivillStructuralI

I Cnspp on

Co~sructio\

Aircraft
Crash

Seismic
Margin

Dura~bility

iTesting

Figure ES-1 Shield Building Design Process
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1. PCS Tank

6. Compression Ring I
5. Knuckle Region

Ig4. SB Roof

3. Air Inlet and Tension Ring

2. SC Cylindrical Wall

1. RC/SC Connections

Figure ES-2 Shield Building Structure Key Areas

Modified Design Features

The integrated engineering team evaluated the seven key areas comprising the Shield Building structure
as noted in Figure ES-2. The design modifications were identified for three key areas. These include
Area 1, the RC/SC vertical and horizontal connections; Area 2, the SC cylindrical wall; and Area 3, the air
inlets/tension ring. The purpose of the design modifications was threefold: to allow these portions of the
structure to act as a unit; to provide more ductility; and to add more conservatism to the SC design. A
decision was made to limit the use of self-consolidating concrete (SCC) to selected regions, including the

knuckle region of the roof, the air inlets, and the tension ring. The remainder of the Shield Building will
be constructed using standard concrete with a strength of 6000 psi in the SC and 4000 psi in the RC areas.
Key areas 4, 5, 6, and 7 are designed as a RC structure in accordance with the ACI and ANSI/AISC codes.
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RC/SC Horizontal and Vertical Connections (Key Area #1)

The RC/SC connection has been redesigned. The steel plate modules are anchored to the RC basemat and
walls of the Shield Building by mechanical rebar connections. The connectors provide for the direct
transfer of forces from the RC reinforcing steel to the SC liner plates.

At the horizontal connection at the interface with the RC structure that occurs on the bottom of the lowest
SC wall module, each vertical reinforcing bar in the RC basemat wall is connected to a mechanical
coupler. A similar vertical connection occurs on the vertical edges of SC wall modules that interface with
the RC portion of the Shield Building wall. In the vertical connection, each hoop reinforcing bar in the

RC wall is connected to a mechanical coupler, and forces are transferred directly from the hoop bars to
the SC liner plate. The mechanical connection is designed to the allowable working stress limits of
ANSI/AISC N690 for loads in the reinforcing bars equivalent to 125 percent of the yield strength of the
reinforcing bars and are proven components used in existing structures. This connection improves the
overall ductility of the RC/SC connection.

SB Cylindrical Wall (Key Area #2)

The cylindrical wall has been redesigned. The Shield Building surrounds the CV and shares a common
basemat with the CV and the Auxiliary Building. The cylindrical shield wall has an outside radius of
72.5 feet and a thickness of 36 inches. The cylindrical wall section that is below the Auxiliary Building
roof line is a reinforced concrete structure. The section that is not protected by the Auxiliary Building is a
steel concrete composite structure, where two 0.75-inch plates act compositely with 34.5 inches of
concrete via tie bars and shear studs. The steel plate modules are connected to the reinforced concrete
basemat and walls by mechanical connectors as described above.

A typical configuration of the SC wall is shown in Figure ES-3. The overall thickness of 36 inches is the
same as the RC wall below. The concrete for the SC portion is standard concrete with compressive
strength of 6000 psi. The SC portion is constructed with American Society for Testing and Materials
(ASTM) A572 Grade 50 steel surface plates which act as concrete reinforcement. The nominal thickness
of the steel faceplates is 0.75 inches. In each module, 0.75-inch tie bars are welded to the outside faces of
the steel faceplates to develop composite behavior of the steel faceplates and concrete. The 0.75-inch
shear studs are at nominal 8.375-inch circumferential spacing and nominal 8.5-inch vertical spacing, and
are welded to the inside surface of the steel plate. The tie bar reinforcing bars are at 6-inch centers in the
higher stress regions. The reinforcement detailing incorporates both American Concrete Institute (ACI)
349 R1.4 and ACI 318-08 requirements.
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The use of tie bars and mechanical connections at the RC/SC interfaces addresses the issues raised in the
NRC letter (dated October 15, 2009) that the AP 1000 Shield Building must act as a unit. Westinghouse
has performed testing and analysis that demonstrates this behavior. Use of 0.75 inch steel plate also
addresses issues raised in the NRC letter with respect to ductility and the effects of creep. Figure ES-3
illustrates this design.

Figure ES-3 Enhanced Shield Building Wall Panel Layout

Air Inlets and Tension Ring (Key Area #3)

The air inlets and tension ring region have been redesigned. The configuration and plate size of the air
inlets have been changed to enhance its structural performance. The air inlets structure (as shown on
Figure ES-4) is located at the top of the cylindrical wall portion of the Shield Building, beginning at

approximately Elevation 251 feet and rising to approximately Elevation 266 feet. The air inlets serve as
the intake for air as part of the passive containment cooling system (PCS).
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W36x393 Roof Girder _ -Z

Beam Seat

Shear Stud -

Tie Bar

-Tension Ring

Air Inlet Pipe Opening

Figure ES-4 Elevation View of Tension Ring and Air Inlets

Above the air inlets, at approximately Elevation 266 feet, is the connection designated as the tension ring
that connects and supports the conical roof. The tension ring also contains 32 radial beam seat
connections where the W36 x 393 radial beams for the conical roof are connected.

The air inlets region is 4.5-feet thick with 1-inch plates on each face as the primary reinforcement, which
are connected using 0.75-inch tie bars. The number, size, and spacing of the air inlet openings has been
modified to enhance structural performance. The 236 air inlet openings are formed using 18-inch
diameter, Schedule 40 pipe at a downward inclination of 38 degrees from the vertical. The pipe spacing is
approximately 2.81 degrees circumferentially with shear studs welded to the outside surface of the pipes.
The 18-inch diameter air inlet pipes are welded to the faceplates and tie the faceplates together.

Air flow calculations were completed as a result of changing the air inlet numbers and sizing of the Shield
Building. The path for the air circulation continues to meet the safety requirements for the PCS for the
Shield Building. The assessment of the impact on the containment cooling was submitted to the NRC in a
letter report and is not included in this Shield Building Design Report.
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The tension ring has been redesigned as a structural steel box structure with concrete infill and shear
studs. Also the connection of the RC conical roof to the tension ring has been redesigned to a mechanical
connection. The air inlets and tension ring design methodology is supported by linear analysis and
benchmarked nonlinear analysis as presented in this report. The tension ring is designed to ANSI/AISC
N690 and is a concrete-filled box girder, with two continuous 1.5-inch thick steel plates top and bottom
that connect the inner liner plate to the outer liner plate, as shown in Figure ES-5.

Shield Building
Reinforcing Bar Roof Reinforcement
Mechanical
Connection

Tension Ring
Box Girder Outer
Flange

W36x393 Roof Girder

Tension Ring Box
Girder Inner Flange

Beam Seat

Tension Ring Box Girder
Continuous Web

ES-5 Shield Building Tension Ring

SB Roof, Compression Ring, Knuckle Region, and PCS Tank (Key Areas #4, #5, #6, and #7)

The other areas of the Shield Building have been designed to existing industry code requirements, and
include the conical roof, the PCS tank, the compression ring, the knuckle region, and their related
attachments. Linear analysis was previously performed on these areas and no additional design
modifications, analysis, benchmarking, or testing is required. These areas are designed as RC structures
in accordance with ACI 349. The steel frame for the roof is designed for the applicable building code
ANSI/AISC N690. The concrete roof is designed to ACI 349 requirements without credit for the steel
plate on the bottom of the concrete.
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Structural Analysis

Benchmarked structural analyses using detailed finite element model are used to demonstrate structural

adequacy for the critical areas of the Shield Building. For the Shield Building cylindrical wall and the
related connection regions to the roof, the Auxiliary Building, and the basemat, a combination of testing
and benchmarked analysis is used to confirm the structural adequacy of the design.

Load combinations for seismic Category I concrete and steel structures were used for the design of the
Shield Building. Loads for the design of each structural element were based on the conditions to which
the particular structural element is potentially subjected and on the applicable U.S. Nuclear Regulatory
Commission Standard Review Plan NUREG 0800. The governing loads and evaluations for various
locations were considered. Linear elastic analyses and nonlinear analyses, and load distribution using
analysis tools such as SASSI, ANSYS, and LS-DYNA and ABAQUS were performed to confirm that
cracking is not significant for load distribution; to confirm that regions of the Shield Building act as a
unit; and to show margin for beyond design basis review-level earthquakes.

The Shield Building design has reserve strength that provides seismic margin above the review-level
earthquake. The analyses show that the seismic high confidence of low probability of failure (HCLPF)
value is above the review-level earthquake value of 0.5g. The standard seismic margin calculations are
based on conservative design loads. The linear elastic analyses calculation that shows margin between
the capacity of the structure and the design basis loading.

Benchmarked nonlinear analyses were performed on the Shield Building anchorage, cylindrical wall,
tension ring, and roof anchorage connections. The benchmarked nonlinear analyses demonstrate
significant margin over and above that demonstrated in the linear elastic analyses. Benchmarked Level 2
and Level 3 analyses were performed to demonstrate the system strength and ductility, both at the global
level (Level 2) and at the component level (Level 3). In all cases the analyses demonstrate large margin
to regulatory safety limits and demonstrate sufficient ductility in the AP 1000 Shield Building.

The design life of the Shield Building is 60 years. Nonlinear analyses were performed to assess that
buckling, creep, and shrinkage were not significant factors in the design. Concrete material and
placement testing was conducted as part of the overall comprehensive test program. Thermal analysis
was performed to quantify the effect of daily and seasonal thermal cycles on the cylindrical wall and the
effect of cracking due to thermal gradients.

Confirmatory Testing

A confirmatory test program was developed and conducted as part of the Shield Building design process
to demonstrate the adequacy of the design modifications and to address NRC comments. The testing
program, in conjunction with Purdue University and under the direction of Dr. Amit Varma, included
anchorage, out-of-plane shear (with and without tension), and in-plane shear tests. The goal of the testing
was to demonstrate the behavior and adequacy of the Shield Building based on the AP 1000 design
process assumption that the ACI 349 code provisions for RC nuclear structures are conservatively
applicable to the SC design of the Shield Building.
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Each of the test program elements also included variations of specimen plots to determine their

fundamental behavior. A summary of the key test program elements is as follows:

1. Out-of-plane (OOP) shear without tension to demonstrate that the OOP shear strength of the
AP 1000 SC design can be estimated using ACI code provisions for the shear strength of RC
beams

2. OOP shear with tension to demonstrate that axial tension will not significantly affect the ACI

strength prediction

3. OOP shear cyclic to demonstrate ductility

4. Pushout to demonstrate the general behavior of SC structures

5. Weld fatigue to determine if the fatigue specimens can support a minimum of 73000 cycles

6. Cyclic in-plane shear to demonstrate that shear strength of SC can be conservatively estimated
using ACI code provisions for RC walls as well as ductility

7. Anchorage to demonstrate the strength of the RC/SC connection in tension

8. The in-plane shear strength is greater than that calculated using ACI 349 code

All tests demonstrate the robust behavior of the AP 1000 SC structural components. The test program

confirms the Westinghouse design approach that the ACI 349 code can conservatively be used to design
the SC AP 1000 Shield Building. These tests are also used to by Westinghouse in the benchmarking of the
nonlinear analyses presented in this report.

Construction and Inspection

Good construction practice starts early by integrating constructability and inspection reviews into the
design process.

For the AP 1000 design, including the Shield Building, parallel integrated construction and inspection

reviews have been proactive and have been included in the design process for the purposes of identifying

and accessing engineering information to enhance the design certification process and the development of
the overall constructability plan.

These reviews are based on using current available construction and inspection technologies, practices,

and procedures.

The objectives of the review are to:

" Validate constructability processes and techniques

" Develop construction interfaces, tolerances, and complete construction sequencing
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* Incorporate logic ties for material take-offs, module identification, fabrication, manpower estimates,
installation sequences, and inspection

" Detail the structural and architectural critical areas of construction for required mockups and
procedures such as concrete placement, welding, and quality assurance

* Analyze the material requirements and establish the required procedures -for concrete placement, mix
requirements, welding procedures, and inspection techniques according to industry codes and
qualification requirements

When critical areas are analyzed and established such as the RC/SC basemat connection and air inlets
regions of the Shield Building, they are identified as challenging areas of construction which are then
included in the construction mockup plan. The mockups will be fabricated and constructed as a physical
representation of the structure for craft, Quality Control inspectors, and construction supervisors.

Post-mockup activities include visual inspections of the mockup surfaces by disassembling the mockup
and examining surfaces for verification of strength and/or defects. When defects are found, the
procedures will be revised and the mockups repeated until the required results are obtained.

Constructability reviews performed on the Shield Building have yielded improvements and design
changes that offer the assurance that the end product of the engineering design will result in a
well-constructed plant.

In addition to these constructability practices, additional insights on nondestructive examination (NDE)
programs are applied regarding NDE technology in the inspection of post-placement concrete.

Summary

The foregoing claims revised the design process, and the revised design features, analyses, testing,
construction, and inspection have resulted in an AP1000 Shield Building revised design that is safe and
conservative. This is substantiated by the details of conformance as shown in a detailed compliance
matrix. The compliance matrix was developed from the October 15, 2009, NRC letter concerning the
original enhanced Shield Building Design Report and is provided as the Executive Summary and
Chapter 12 to the report.
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Table ES-i Compliance Matrix

NRC Identified Key Issue Westinghouse Actions

10 CFR 50.55a Westinghouse design approach on how it demonstrates
that the Shield Building SC design is safe and
conservative and meets NRC regulations has been
outlined in Section 2 of the report.

The Shield Building is a hybrid structure. There are
areas of the Shield Building that fall within established
codes. For those structures safety is demonstrated by
showing margin against code allowable. There are
other areas that are considered special structures in
accordance with ACI 349, Section 1.4. For those
special structures, in addition to meeting Code
requirements, safety and margin are demonstrated by
testing or benchmarked analyses.

+

10 CFR 50, Appendix A

General Design Criterion (GDC) 1

Quality Standards and Records: insufficient
information regarding detail, design analysis,
construction, inspection, and testing.

This revision of Shield Building Design Report has
been structured to outline the design criteria utilized;
the justification as to why the design criteria is
adequate; and how the Westinghouse enhanced Shield
Building design is meeting the criteria. Specifically
the Shield Building design attributes are addressed in
the following sections:

- Detail Design Sections 1.2, 3.1, 3.4, 4.1, and 6.1
- Design Analysis Section 2
- Construction Section 9
- Inspection Sections 9.7 and 9.8
- Testing Section 7

In addressing general design criteria as defined,
Westinghouse has modified and revised its design,
analysis, testing, construction, and inspection as
previously identified in the report submittal.

General Design Criterion (GDC) 2

Design Bases for protection against natural
phenomena; requires safety-related structures to
withstand the most severe natural phenomena such as
winds, tornadoes, floods, earthquakes, and the
appropriate combination of loads.

Westinghouse has revised the design of the cylindrical
wall steel concrete composite (SC) and connection
designs, where the reinforced concrete (RC) structures
and SC structures interact, to function as an integrated
unit. Three criteria were utilized to demonstrate
compliance:

1) Adequate strength margins to industry and
regulatory codes and standards

2) Adequate ductility margin
3) Adequate building durability

Specifically these criteria are demonstrated in the
following report Sections:

- Strength and Ductility Sections 4.2, 3.2, 5.2,
6.2 and Section 10

- Durability Section 3

Revision 3 
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Table ES-1 Compliance Matrix
(cont.)

NRC Identified Key Issue Westinghouse Actions

Detailing, Design, and Analysis

1. Westinghouse(WEC) has not demonstrated that it Sections 3, 4, 5, 6, and 10, provide the design feature
adequately designed and detailed the steel concrete descriptions, methodology, and demonstration of
composite (SC) module to function as a fully margin for compliance for the revised Shield Building
composite unit as assumed in the WEC design/analysis. design.
In addition, WEC has not demonstrated that the SCmodule has sufficient ductility to survive severe The modified cylindrical wall and connection designs,
earthquakes or tornado winds, specifically address the adequacy of the structure to actas an integrated unit, providing adequate ductility and

durability in severe earthquakes or other natural
disasters.

With respect to comments made regarding the
discontinuity of the six-inch studs, as described in the
general description of the Shield Building, Section 1.2,
the new tie bars included in the Westinghouse design
now employ tie bars spaced on six-inch centers in the
higher stressed regions. There are six-inch studs also
spaced between the tie bars at 17-inch centers in the
lower stressed regions. This creates a maximum
spacing between stud and/or tie bar of 8.5 inches.

2. The SC module wall to reinforced concrete (RC) The design and detailing for the RC portion of the
wall connection lacks design and detailing for the RC connection has been added to the Shield Building
portion of the connection. Thus, it cannot be design report. Inclusion of the RC support structures
determined whether the connection will carry the SB provides a thorough demonstration of the interaction
design loads, between the two types of structures. The finite element

models utilized to analyze these details provide an
overall analysis of the interaction, demonstrating the
integration of the building structures.
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Table ES-i Compliance Matrix
(cont.)

NRC Identified Key Issue Westinghouse Actions

3. The design and analysis of the shield building
tension ring (i.e., ring girder) and the air inlet region is
not supported by a validated design/analysis method
(i.e., benchmarked to experimental data), or by
confirmatory model tests.

The tension ring and air inlet has been designed to take
full advantage of the steel structure (i.e., the exterior
and interior steel plates, the steel air tubes, and the
rebar in the structure). The tension ring has been
designed in accordance to AISC/ANSI N690. Very
detailed finite element models of the air inlets and
tension ring were used to demonstrate the adequacy of
this design. Consistent with the analysis approach
outlined in the report, a Level 3 analysis of the tension
ring and air inlets was performed. This analysis model
takes into account the details of the design, which uses
the loads/deformations from the Level 2 analyses. Both
Level 2 and Level 3 analyses have been benchmarked
to experimental data. The design is discussed in
Section 5.

4. The use of a simple shell element to represent the
36-inch-thick SC wall module and the use of coarse
meshes near the areas of discontinuities may be
adequate for performing preliminary evaluations of
overall building responses, but are insufficient for
performing the subsequent detailed design/analysis
(i.e., assessing stress/strain magnitudes) for
stress/strain distributions within the elements and at
structural discontinuities (e.g., SC-RC and the auxiliary
building roof connection areas).

Westinghouse has outlined an analysis approach in the
report which utilizes a combination of analysis
techniques categorized as Level 2 and Level 3
analyses. Each analysis chapter of this report has both
a Level 2 and 3 sections. Both Level 2 and Level 3
analyses use solid elements to represent the 36-inch-
thick SC wall module. The Level 3 section provides
the very detailed finite element models which are being
used to assess stress-strain magnitudes within critical
regions, demonstrating the adequacy of that critical
region design.

5. WEC has not considered the self-consolidating
concrete (SCC) material properties and their effect
(e.g., higher shrinkage and creep strains, less shear
resistance and ductility compared to that of normal
concrete) on the behavior of the shield building, and
did not include those effects in its design/analysis
process.

An examination of self-consolidating concrete (SCC)
behavior has been documented in industry performance
tests. In addition, Westinghouse has provided
construction field tests performed as part of the
AP 1000 plant construction in China that demonstrate
acceptable strength and shrinkage properties of SCC.

SCC has been minimized in the revised design of the
AP1000 Shield Building by the constructability
reviews performed on the design. SCC will be used in
the air inlets and knuckle regions of the roof, and
RC/SC connection. The remainder of the Shield
Building will be constructed using standard concrete.

The use of SCC for the tension ring and knuckle region
of the roof is judged acceptable for these sections
based on the design analysis performed.
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(cont.)

NRC Identified Key Issue Westinghouse Actions

6. WEC has not considered the daily and seasonal The issue of thermal cycling has been addressed in
thermal cycling effect on the fatigue of welded joints Section 3.3 of the report.between the SC module steel faceplate and studs, the
stress and strain reversal in concrete and studs, and the In effect, finite element heat transfer and nonlineardegradation of bond strength between the concrete and analyses were performed to address these issues. Instuds. addition, the design modifications to the SC wall,which incorporated shear ties that tie the plates

together, make the SC wall design less susceptible to
fatigue due to thermal cycling.

7. The thickness of steel faceplates in the SC module Westinghouse modified the cylindrical wall by
(1/2 inch) appears to be less than required, because the increasing the plate thickness from 0.5-inch ASTM
actual maximum principal stress appears to be higher A572 Grade 65 steel plate to 0.75-inch ASTM A572
than the allowable principal stress. Grade 50 steel plate connected together with 0.75-inch

reinforcing tie bars.

These changes provide additional design (stress)
margin as well as contributing to overall strength
margin of the Shield Building.

8. WEC has not provided sufficient information to Section 3.3.2 of the report addresses creep effects on
demonstrate that the effect of local buckling of the SC the design. The analysis has demonstrated that creep is
module faceplates are precluded, not an issue.

Even with conservative assumptions on shrinkage and
creep, the surface stresses in the steel plate are well
below the strength of the steel plate. Additionally the
increased plate thickness and decreased stud spacing
has reduced the potential for local plate buckling. This

is described in Section 3.3.1.

Construction and Inspection

WEC has not provided construction and inspection Section 9 of the revised Shield Building Report is fully
methods required to ensure the safety of the shield dedicated to construction and inspection practices,
building design. Inspection of voids, cracking, including critical construction mockups. In addition,
delamination, and substandard construction of concrete Section 9.8 of this report describes the NDE
are needed to ensure integrity of the structure, technologies available for post-placement concrete

inspection and the results of NDE testing
demonstrations performed by Westinghouse.
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(cont.)

NRC Identified Key Issue Westinghouse Actions

Testing

1. The proposed test specimens are not fully The cylindrical wall design has changed and the tests
representative of the SC module (e.g., substituting performed were fully representative of the SC module
studs for L-shaped angle stiffeners and ignoring welded configuration.
joints of the faceplates). Section 7 of the report describes at length the design of

the test specimens and why they are representative of
the design and design loading of the Shield Building.

2. The proposed WEC test setup for demonstrating the The in-plane test has been significantly changed to
adequacy of the SC wall module under combined address the comments provided. Specifically, the setup
in-plane shear and tension loading [Test #4] has of the test has been changed that the boundary
boundary conditions that will constrain the test conditions will not cause an overestimation of actual
specimen and thus lead to an over-estimation of actual strength. Section 7 of the report is dedicated to the in-
strength. Further, the proposed test loads are plane test.
monotonic and thus do not represent the reversedmonooni andthu do ot epreentthe evesed Two specimens are being tested for in-plane cyclic
cyclic dynamic loads on the shield building generated Two specimgn
by earthquakes. shear capacity.

0
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APPENDIX H
ATTACHMENT TO DCPNRC_002995

This attachment represents the Westinghouse responses to NRC staff comments from the June 9-11, 2010,
meetings in Rockville, Maryland. The staff comments were generated in response to review of the
Westinghouse Design Report for the AP 1000 Enhanced Shield Building, (APP-1200-$3R-003,

Revision 2) from May 2010.

H.1 Item 1

H.1.1 1-ADemand

Westinghouse Position

Westinghouse states that capacity is greater than demand. In Appendix F, WEC shows contour plots of
member forces for load combination 6 (for the SC wall).

NRC Understanding

Although Appendix F contains force contours, the plots are insufficient for full understanding of the

design demands and related design capacities.

. Staff believes that it is necessary to know the magnitude of demands (required bending moment, shear,
and torsion), and of the capacity of the member with respect to bending moment, shear, and torsion. This
is usually presented by plotting the magnitude of demands and capacities along the entire length of the

member. However, these plots are absent in the report.

NRC Question

Provide the calculated demands and capacities in a form that permits the full and ready understanding of
the design demands and related design capacities?

For example, provide information, i.e., plots for OOPS (wall, roof, and PCS tank), in-plane shear (wall),

torsion (wall), bending moment (wall, roof, and PCS tank). Also, include plots of capacity with only the

steel contribution to the OOPS (SC wall) capacity and identify locations where the steel contribution
alone would be insufficient to meet demands.

Revision 3 H-1
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H.I.I.1 Action 1

Westinghouse Understanding

Westinghouse will provide contour plots, demand Vd/Phi*Vs and Vd/Phi* (Vc+Vs) on unfolded SC
Wall.

Response

Questions 1 and 2 are a combined response listed in Section H. 1.1.2.

H.1.1.2 Action 2

Westinghouse will review current analysis to determine if Phi*Vs is exceeded and provide a
justification.

Revision 3 H-2
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H.1.1.3 Action 3

Westinghouse will provide an assessment on minimum notch toughness and detailing to mitigate

premature fracture under SSE earthquake for significant welds.

H.1.1.4 Action 4

Westinghouse will assess the effects of cracking, show that the in-plane shear distribution near the

base of the West Wall and right above the roof at the Auxiliary Building at [ ]"a and show that

the maximum in-plane shear remains within the codeallowable. Westinghouse will utilize

1 i a' fo r N 10 5 a n d I Ia,c

a,c

a,c
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H.1.2 IB- Out-of-plane (OOP) Shear Capacity

axc

NRC Question

Based on the indicated brittle failure in the OOPS test of the specimen, as provided under Figure 7.7-7
pg. 7-18, and given that Westinghouse indicated that they will demonstrateductile failure, justify how the
resultant brittle failure demonstrates safety in the Shield Building structure.

H.1.2.1 Action 5

Westinghouse will provide stress/strain test data for the tie bars with [
ASTM specifications used for the construction material.

1a," and the
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J Designation: A 496/A 496M - 07

Standard Specification for
Steel Wire, Deformed, for Concrete Reinforcement'

Thi:a nt"art in nisn a d nadllana¢- - at d.a aatirnaA i•96A 4%Xtl ienum , iinn ie-n . ly d otvI t'.in It.- de.ji-Li n, dnipa, tian ycn
of ori inat udorna an, in ath -n 4 - ,Ion. III yc- 4,, l r-Lision. A number in taaa-ail- sae s indieann the a - of Wat ant p canat.
A' hnn..aip. epat'a tat intinins an h haimaaaIai h •hnnp ,/Ina thea h fPe fnn/in -ior --aaa
T'hLaaaaaaadaaaa/ Stan been .,n~ra'aatjana+<:h at~gtnittag'aax tarat th. naaaaaanuaataf tb//ann.+

1. Scope*

1. Thtis specification Covers deformned steel wire which has
heiti cold-worked by drawJing, rolling, or both drawing and
rolling, to be used as produtted. or iii fabricated forn for the
reinfotceinenm of concrete in Sizcs itt o iii" lottitinal cross+
Sectional areas not less thaii 6.s5 niini 10.01 if_2.

1.2 Supplement SI describes high-strength wire, which
shall bc furnished when s.pecifically ordered. If. shall b.e
pertnissible to furnish hiah-stretgilh wire in place o1 retaalar
wire imutually agrecd to by the purcha.•er and taniufacl urer.

1.3 The v'.alues stated in either SI units or inlch-pould units
are to be regarded separately as standard. The values stated in
each systetn tnay not be exact eXltliv:tlents theret Ire. each
system shall be used independently of the olher. Coitbining
valties trontt tite two systems mttay result itt tioti-conilttrititace
with the statidaiLd. nThe inch-pound units are shown ia brackets
except ill Table 0).

2. Referenced Dwuments

2. I ASTMu Sltandards:
A 37t "lest Melhltods tand Mftiniliott s ror Mechalnical Testitng

of Sieel Products
A 497/A 497M Speciticatito for Steel Welded Wire Rein-

torceitidntt lt. lDorit for Concrete
A 7Mii Practices for Faackaging, Markitig. and Loading

Methods tor Steel Products for Shipment
E 83 Practice for Veritication and Classiieatiai i of ]Exten-

sotieter Systetlis
2.2 Militai" Stouddal
MIL-S-ID-129 M urkitg for Shtipment and Storage
2.3 Federal Sttanidard:3
Fed. Sid. No. 123 Marking for Shipmeitis iCivil Agettcies)

'Ibin nFaeantiaaian t i6aur t-09 jd. atdiniaan or AStIM AOt -i Selat. Mtaintaann
Steea I iat 6.t- at Atl.yl antnd i alat daral pae t - n ilttiiv oa Ati.ti5.-an StIM
ltlinfonernaaa

Curarntt aeditioneawa d Sqt.I.t 21). tautliAhtnd (Otwc,6 2(107. O(iginaa:ly
anpnroned in 1964 t iU tM-aious eatition a-atnved in 251,5 nn A 4t6tAt 4%.M 05.

-'lkr aef -rr-a-d ATNST mandaids,. ai.il the AStt aN ita. wan.anrg. or
ca+aaata•i AStt C.antana (')r tace For Ap trat Ib an/,' AStV1
Sun&a/adnat$ va•lanc iaaatnnnaaioaa a ra•tatri, tho dlwaanadd tXeanvwcnat Sunnnany jlanng on
til-%STM1 ohw-'~s

'AM:•atalatl ita- aantaia-oanaaai Ordt, Deak. OODSSJi ittad,, 4.
Sai 0 io Stn7t Raahbln Ann.. Phiat~fthiapa. 119kttt-s1g. hltp:tlV na~J,ma ant's aaaat A-

2.4 ACI Standard:"
A(I 318 Buildiag Code Require tte)tis for Strttetral Con-

Crete

3. T'lrminuuluag
3.1 DefinaitionsT (if 7erms Speclific ta This Stantdard:
3. .1 deforticd steel v, irefor retlyibrcemenl-.-, tsed wlit/hin

the scope and itntemt of ttist specification, shall tuean any
ctld-workcd, deftaritied steel wire itlended for use as rein-
forceinetll itt cOlncrete tacatstr-tetiill. tie wire slrfatce havinig
detortitatiotis that: (I inhibit httt'itttdiital movenentl of tlie
wire it such cotstrttctionm and ( 2) confortn to the provisions of
Section a. It shall be permissible lor lthe defltormations to be
raised or indented,

3.1.2 size nmtmber-a-s usved int Mi/ .peai nicetton, rcfCrs to
thIe tutinerical desil'tniton tt f the. wire a, tabulated in I'Fbliz 1
and Table 2 under, the colutiin headed Mltorined Wire Size
Number. or a nutiber indicattiall the tortitil cross-scltiotnal
area of the deformted wire itt square milliineters thundredtths of
a square inchl.

4. Orderinig tnformation

4.1 When delbrtned wire is ordered by size nmtinber, the
dimensional requiremtents Shall be as given it Tabile 1. When
defitrined wire.is ortdered to ditntusions other than the sizes
shttwtn. lihe Inomnal dimensions shall be d&veloped Irroin the
altlalicable unit mrass per meter I weight per lfotoal ofthe section.

4.2 It shall be tihe responsibility vf the purchastr to specify
all. reqtuiiettents that are tnecessary for tite ittitu ltacture anid
delivery of the wire uider thit spcttieilation. Such requircltncIils
lta he considered inchlde. bill aise niti limited to. the fiollowing:

4.2.1 Quantity (miass [weight]),
4.2.2 Naine of oiaterial (detormeid steel Wire for concrete

reinlforeme int).
4.2.3 Wire diameter (see Table I andtTable 2),
4.2.4 Yield strength measurement (see 8 and 133).
4.2.5 Packaging l.ee Section 17). and
4.2.6 ASTM designatit and year tIl issue.
4.2.7 Special reuircnlls it anys. (See Supplement S1.)

Noiin I-A y pcal ordering description is, v followis: 50 (01) lh

"Aaf ialtNl. 1 nan Ana,%333 n9 0-4t. tani- iniiinata5Ctl. I/Il, tia t. Cn"in/n tia
I himl Mt .h53.33.909lct. ht~irtiaUana.nn.iaaa.aares

-A S-meavny afa Chuuir nstian app-.ar 1 nlht d f this 1..&laru
Ctnaigan 4ASTnM InInaln n 00 P- Hrbor (mwba PO ann C70A , W~nn eonna/nann. PA !9420.2i95. Lmaed Sit-an.

Canaian;W AnnSMraa
a-nnnrnt n-tnaania1ii8Z
NnaAnn WnaM102t)CI a2:nSaa0nD
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TABLE I Dimensional Requirements for Deformed Wire for Concrete Reinforcement in SI Units

Nominal Dimensions Deimmoition Requirements

Wire [Di] Unit Wt, Diametei' ross-Seoional Area" Porimote - pacing. Spacing. Mim. . 141911? of

Wire.. [> 100] Maximum Minimurnm Defotmalions

ki1m lbs1I.1. mm fin.] 0m1W [In M[] mm P1n.1 nn [in.] mm en. mm f [in.]

MID 25. ID 3.91 0.196 10.132) 5.64 [0.2221 25 [0.0391 17.7 10.6981 7.24 10.2a51 4.62 [0.1821 0.252 I0,0101
MO D 20 4.71 0.235 10.158] 6.1 [0,243) 30 10,0471] 1.4 0.7641 7.24 10.2851 4.62 J0.182] 0.279 [0.0111
MD35 D S.4A 0.275 [0.1851 6.68 [0.263] 35 [0.054] 21.0 10.8261 7.24 [0.2051 4.62 [0.1621 0.302 [0.0121
MD 40 D 6.2] 0.314 [0.2111 7.14 [0.281] 40 [0,(621 22A4 (0.883] 7.24 [0.285] 4.62 [0.182 3 0,320 (0.013]
4D.45 iD 7,0] 0.353 [0.237] 7.57 [0.2981] 45 [0.070] 23.8 (0.w,6] 7.24 (0.2851 4.62 10.1821 0.342 [0.014]
MD 50 ID 7.8] 0.392 10.2641 7.98 [0.3141 50 [0.0781 25.1 10.9867 7.24 [0.2851 4.62 [0.182] 0.360 [0.0141
MD 55 O D 8.5] 0,432 [0.2901 837 [0.325] 55 [0.085) 26.3 (1,04] 7.24 [0.2a5] 4.62 [0,1821 0.378 [0.0151
MD 60 11 96.3 0.471 [0.3161 8,74 [0.3441 60 (0.562] 27.5 1,06] . 7.24 [0.285] 4.62 10.162] 0.392 [0.0151

Co

MO 65 (0 10.1] 0.510 10.3431 9.10 [0.3582 65 [0.101] 28.8 [1,13] ,24 [0.21151 4..0 U0.18?1 0455 io.4lsl
MO 70 [D 10.9] 0.540 10.369] 9.44 [0.372] 70 [0.109] 29.7 (1.17] 7.24 [0.2155 4.62 (0.1021 0.470 10.018.]

MD 80 ]0 12,4] 0,628 10.4221 15.1 [0.397] 80 [0,124] 31,7 11.25[ 7:24 (0,285] 4.62 10,1821 0.805 [0W020] '

1M14 60 (D 14.0] 0.706 [0.475] 10.7 10.42I] 60 (0,140[ 33.,65 1 .2,2r 7.24 [0.285] 4,62 [0.162] 0.535 [0.021] 00
MD 100 [0 15.5] 0.785 (0.5271 11.3 [0.444] O 100 .01655 35.4 11.40] 724 [0.2655] 4.62 [0,1821 0.56- [0.022]
MD 120 ]D 1866] 0.942 [0,33] 12.4 [0,487] 120 ]0,186[ 2868 [11.9] 7.24 [0.2651 4.62 [0.1802 0.070 10.0247

M4D 130 [D 20.2] 1.02 (0.6861 12,9 [0.507] 130 10.202] 40.4 (1.59] 7.24 10,285] .4.62 [0.1821 0.645 [0.025] o
MD 200 IO 31.0] 1.57 [1,06] 16,0 [0.628] 200 [0,310[ 50.1 [1.973 7,24 [0.285] 4.62 [0.182] 0.800 (0.0W1]
MD 290 [D 45.0] • 2.28 [1.53] 19.2 [0.757] 290 (0.4601 50.4 12.31] 7.24 [0,285] 4.62 [0.162] 0.961 [0.0379]

A The numbelo 10 9 preix Indicales the nominal cioss.ssecionil 0eaof the delormed wire In squae millimtros.

4For slZes other thai 0 those shown above. 0 he Size Nubrr shall be the noumrer lf one hIndretoh of 01 square inch in the nomini ,ma of Ih deformed Vife 01o09 s •li.on. pelfixed by the letters MD.
1
Tleise sizes repr esel the m"oo readily available sizes in lhe welded wire reinforcemenrt Irxdstry. 01W., Wi•e sizes are available arod imaly manfacturem tan produce them In 1-rnmm (0.101S-in>' ihoiemews.

" The nomlinal diameler of a deforirled wihe.is equvalonr oS t 5h diamterr of a plain wire having 1e( 5 ma06 8100s pet 1661tre as the defored wire.

I'The Doss-sesconal area is based o0 0h5 nominal dlomrler. The area in sq•[e milimotres [inches] is calculated by dividing the uni0 mass ]weoiht] in kg/mm [lbsTr.1] by 7,00' (mass ol 1 mm' of stool [0.2833 weight
of I in." 4l.1eelf) or by dividing the iuni mass ]weight] In Sr< 690 Irs,11.] by 0.00784g Ima0• of steel I rmmnsqluare and 1 0 long) 113.4 iWeighl nl steel 1In. 01t1are and 1 It. long]].

"The minimum average height of the delorr•aions shall be deteirnhind 1111 mne aulernenlei made on not le0ss than, IWo lyrical delormation$ 11ront each line o0 deolermatlion on the ,8.te Meaasurements st0fl be mandfe
at th0 c011814r o1 indentation as described In 7.7.

OS

,= 0



APP- 1200-S3R-003 AP 1000

• A 496/A 496M - 07

TABLE 2 Dimensional Requirements for Deformed Steel Wire for.Concrete Reinforcement-US Customary Units Wire Sizes'

Nominal Dimensions Deformation ReqtLtemonts

Defolned Unit Weight, Diamelet. Cross-Sectional Peilmeter. Maximum Spacing. Minimum Spacing. Mnimum AverageWire Srze 11,011 lkg(ml In. lmm]J" Area. in.jmm]'i in. fus in. f mmI in. I-)] Height of
Nuimber"' Deformatnons, In,

D-1 0.034 [0.0511 0.11312.871 0.010 16.451 0.3.54 (9.00] 0.285 [7.24] 0.182 14621 0.00 4510.114]
0-2 0.068 10.1011 0.16014.051 0.020 112.9] 0.501 [12.7] 0.285(7241 0.182 14.621 0.0063 10.1601
0.3 0.102 10.1521 0.16( [4.061 9.030 119.41 0.614 115.61 0.285 17.241 0.182 14:621 0.0078 10o1s81
D-4 0136 10.2021 0.22615.73] 0.040 125.81 0.70 10.0] 0a 28517.241 0.182 14.621 0.0101 10.257]
0-5 0.170 (0.25,31 0.252 6411 0.000 (3.31 0.73(120.1] 0.285 (7.241 0.18214,62] 0.0113 (0,287]
0-6 0.204 10.304] 0.276 (7.021 0.060 (38.7] 0.868 122.1]. 0.285 (7.24] 0.182 1462] 0,0124 10.315]
D-7 0.2381 0,3541 0.2-%17.581 0.070 145.2] 0.6.31(238] 0,205 17.241 0.182 (482] 0.0134 10.304]
D-8 0,272 0.405] 0.319 1&11] 0.0f00,51,01 1.00 125.51 0.285 [7.241 0,18214,62] 0.0143 [0.303]

-.9 0.3006 0.455] 0.339 [6.60] 0.090158.1] 1.06 [27.0] 0.285 [7.241 0.182 14.62] 0,0102 [0.386]
D-.10 0.34010.,0%6 0.357 ]0.06( 0.100164.5] 1.122851 0.285 [7.24] 0.18214.62] 0.0160(10406]
D-11 0.374 (0.567] 0.374 19.511 0.110[ (1.0] 1.18129.91 0.285 [7.24] 0.182 [4.62] 0.0187(0.4]75
D-12 0.408 (0.607] 0.391 19.930 0.120 (77.41 1.23131,21 0.28517.241 0.182 14.62( 0.0100 (0495(
D-13 0 442 10.608] 0.407 110,3]. 0.130 (83.6] 1.2 ]32.51 0.280 ]7.241 0.182(4.623 0.0203 (0.,16]
D-14 0.476(0.7081 0.422 (10.7] 0.140190.3] 1.33(23.7] 0 285 17.24] 0.182 14.621 0.0211 [0.5361
0-I15 0.51010,7591 0,437 [ 11.1] 0.150196.6( 1.37(34.9] 0.28517,24] 0,182 (4.621 0.02110.554]
D-16 0.544 10.810] 0.451 111.5] 0.1601103] 1.42130.01 0.265 17.241 0.18214.62] 0.022 10.5721
0-17 0.578 10.600] 0.465 (11.6] 0.1701110] 1.46137.11 0.28517.241 0:18214.621 0.0232[0,569]
0-18 0.612 (0.911] 0.479 112.21 0.1801116] 1.50 13a.2( 0.285 [7.24] 0.182 14.62] .023( [0.607]
0-10 0.646 10.9611 0.402112.5] 0.1900.1221 1.0 039.2] 0.285 17.24] 0.18214,62] 0.024519.622]
0-20 0.68651.011 0.050512.81 0.200( 121 1.590140.31 0285 [7.241 0.18214.62] 0.025210.604J
021 0.714 11.06] 0.517 13.13] 0.21011350 1.62(41.31 0.28507.241 O.82 14.62] 0.0259010.658]
D-22 0.748 11.11] 0.5290 13.4] 0220 1141] 1.66(42.21 0.205 V7.24] 0.182 (4.621] 0.0265 (0.673]
D-23 0.782 (1.161 0.541 113.71 0.230 11481 1.70 [432] 0.280 7,241 .0.128(14.62] 0.027110.688]
0-24 0.81 1611.21] 0.553 (14.0] 0.2401154] 1.74144.11 0.205 7.24] 0.18214.,62 0.0277(10.704]
0.20 0.850 [1.261 0.2,6 [14.3] 0.25011611 1.77(45.01 0.285 (7.241 0.12- 14.621 0.028210.716]
0-20 0.884 11.321 0.075 (1l4.61 0.260(11671 1,81145.91 6208517.241 0.182 14621 0.028( 10.732]D,27 0.918 11.371 0.506 [14.91 0.270 (174] 1.84 [460.1 0.280 ]7.241 0,182 [4,62] 0.0293 10.7441
0.28 0.052 (1.42] 0.597 115.21 0.280(1180 1.06(47.6] 0.285 17.24] 0.18214.621 0.0290 10.759]
0-29 0.086 01.47] 0.608 115.4] 0.290 11871 1.91 [48 51 0.265 17.241 0,182 14.62J 0.0304 10.772]
D-30 1.0211.521 0.618 [15.7] 0.300(1931 1.94 (49.31 0285 [7.241 0.18214.62] 0.030910.785]
D-31 1,05(1.571 0.628 (16.0] 0.310 (200 1.97(50.1] 0.285 [724l 0.182 (4.62] 0.0314 (0:798]
D045 1.5312.28] 0.75(109.2] 0.400(120] 2.386 0.4( - 0.200[7.24] 0.102 (4.62] 0.0379 10.9611

' In this table only. hnch-pollu units a1le regarded as 51000dad and SI unlls ale shown in brackets.
"The numbtr followng the prefix indicales the nomlnal crous.sectional area of the deo0med wire in square inches [square rsfleneters].
'For 9iZeS other lthn lhose shown above. t10 Size Number shall be 100e num1•0 0 0 One ulondle'Its of 1.sq0 a Inch Ills he uombil0 a 0ea of 4hede1o0me0 whoe .ross

secltio, prefixed by mle teler D0
rThe nominal diamletrel o a delomed Wlre is equivalent Io the diameter of a plain wne having the same weiglht per toot as Ithe deIoli wire.

" The ctess-seclionatl area is 0ased on lltenominal diameter. The area In square Inches [miltnsleters is calculaleo by dividing the unit weighl (man] in lbs./in. (koonm]
by 0.2833 (weight of I In.' N1 sleel) 17 x 10'

t
o(nass o0 Imm" of steel)]. or by dvfding lhe unil weight [massl in ]s0.4l. [kgmr] by 3.4 (weight ol steel I ins..quare and 1 to0t

Ir•) 1(0,00784qmos e 1 (w Imm square and I la long)].
1 The uminimum average 11freght1 othe t deo0t,,ation 0Shall he 1efeairiand r0om measuremlents$ made on n0ot less than two typil deformation% frm each 1fine of

d~etuoumiun• on the wire. Measuremnuts ,shelf be raO at01 fie center of Indentation as described In 6.2.
ChsOeSO represent the most feapdfly avlailae sizesi the welde lithe r01 leinforcement Iry10101. Other wire nzps are available and many manrlaclureas can produ0ce

themu int 0.0015,-ln [llnm
5
l i1nc 081T5.

dllht15rrd s1ted wir, tfor clnrete rinfIorcement. mzi2 No. MN1180 [1)l.. 6.3 T7he average hongitudin]d spacinig of defortmations shall
in .151 kg, 12(0018] os-uvd zoilk. to ASI'M A 496/A 4904M --. be ito)( less thatn 3.5 tior morelltant 5.5 deforniatioss per 25.4

-. Moterizlo af( Manufature I1111 If in.i in each line of deformiati ols on the wire.Material and M na ctInure t.fthe 6.4 (he i]minimum average heightl..of the cenler of typical5. IThle steel ,;hall he nade by ooi of the -'olhwing deformations based ol!t the nminal ]wire diametcrs shown in
processes: •pen-hearth]. electric l'urnsce. or basic oxygen. Table I and "table 2 shall be :1s follows:

5.2 The deforil•ed steel wire shall bf produced from rods or
bars that have been iot. rolled trotn billets. wle Sizees 1i ur0af0Aeltos Hoigbd" of Perentoflttr•

6. RquieimntsNonarl~ql Wife Diaetrrht6. Requirements 0M20 ID31 and smalenr 4

6.1 D.)eformsationt shal be spaced aol•o the wire at a Large) than M020(O3] through 4 01
substalltially uniform 1 dism-I1c antd shift] be symmletrically MD65n10 0O]

dispersed around the perimeter of the section. The deolrma - Larger0than4M60(010] 5

[ions oit all longitudinal lines of the wire shatll be similar in size 6.5 T7he deformations shall be plated with respect it) the axis
and shape, A ntinititumu of 25 % of the t[t1l surf ace area( shall of t(e wire so that (ite i,•cludedI angle is not less 1ta1n 45": or if
be deforned by measurable deformations. dcfortnalioas are curvilinear, tile tlgle formed by the rllas-

6.2 l.cformcd wire shall have two or mtre lines of defor- verse axis of the deformation and the wire axisshall be not less
mitions. t[heal 45'. Where tile line of defor'ralious forms an inlcluded
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TABLE 3 Tension Test Requirements
MPia Ipsril iln

Tensile 111019h 585 185000i
Yield shteeKjth 515 175 OWO)

a:ngle with thie axis of the wire fromn 45 to 70" inclusive. the
deformaotaims shall alternately reverse in directioli oil each side.
or those on one side shall be reversed in direction from those
on the opposite side. Where the included angle is greater than
70', a reversal in direction is not required.

7. Dinensions

7.1 TIlie average spacing of deforinations shall he deter-
inited by dividing ti measured length of the wire specimen by

tie number of individual deformations in any one row of
deformations on any side of the wire specimen.'A measured
length of tile wire specimen shall be cotnsidered the distance
front a point on a defonration to a corresponding point on any
other deformation in the same line of detormations on the wire.

7.2 'lihe mtitnimtt average height of defoirmations shall. be
determtined from Ieasttrenmitsn made otft ot less than two
typical detormations front each line of deformations on the
wire. Measurentenls shall be made at the center of indentations.

8. Mechanical Pr.perty Requirement,

8.1 *kttsion Tests:
8.1.1 Wheni tested as described in Tlst Methods andDefei-

nitiots A 37(l. the material. except as specified in 8.1.2 shall
conforti to tile tensile property reqtireuticits int able 3, based
otil the niomitn area ill' wite.

8.1.2 When required by theiptrihasr, yield strength shall
be determined using a Class 3I- extenttsoincter its described in
Practice 1E83. Flte yield strength shall ti determined as.
described in Il. si Methods atnd l)Deinitions A 371) and atn
etlension oft) % of agae length. It shall he piermissible to
remove the cxttcnsotmeter after thie yield strength has been
determined. 'ile wire shall mect tile requirements o1 T able 3 or
4. whichever is applicable.

8. 1.3 For maotrial to he unsd in the f1•hricatirn of welded
wire reitiforcenent, ti.e tensile an yideld strength properties
shall cmfonrtin to ohe irquiremneitls givit itl Table 4. based ott
tIle tontoinal area of thie wite

8. 1.4 Trhe material shall not exhibit a delinite yield point as
evidenced by t distinct drop olf the beamn or halt in Lte goaee of
tile testing iachint prior to reachittg uimate tensile load,

8.2 Rend l7it--hie hend test specimen shall witlisland
being bent at rootn temperature through .ot wilhott eracking
on the outside of the bent portion. as prescribed in Table 5.

9. Pernimissible Varialtitn in Mass NWe'ight1

9.1 "rlte permtissible variatton in moass [weight] of any
deforimed wire shall be •6 % or its nominal weiohli. The
theoretical masses Iweighltsi shown itt "abhle 1. or similar.
calculations oin unlisted sizes, shall bN used to establish Lhe
varialiont.

10. Workmanship. Finish. and Appearance

li.I The wire shall be free ofdetrimeuttal imperfections and
shall have a workmnanlike finish.

TABLE 4 Tension Test Requirements.(Material for Welded Wire
Reinforcement)

KMip npsit Min
Tensile Strength 550 1800 001
Yield sltnnrtlh 485 170 000

TABLE 5 Bend Test Requirements

SiZe Numtln el Wio e . ond Test
MD39 [D61 and sanetat .. Bond around a pin the dianitet tIa! Is equlf to

luiste the di•meter of the specimn
LTarge than MD39 lOl. ( h1en arotui a pin the liametet that is equal to

toil, ailms the dianleiel ot the tecinie.it

10.2 Rust. sturface wans, or surface irTegularities shall not
be a catuse for rejection provided the rcquiremtents of 10.3 are
metir, and lite initumun dimensiotis and imechanical properties
of at hand wire -bi ushed test speci .ien meetl tte riqntireuttimas of
this speciticationl.

10.3 Wire itended. tIo wselded wire reinforcementtshall be
sufficientty fr.e of rust and drawitng. luhricant. sI as not to
itterfere with elctlric tesistance welding.

II. Sampling

1 I.1 Test specinmens for testing mechanical properties shall
he tlil wire seciinns and shall be obtained from the ends of the
wite prodtut as.t drawn or rolled, or iolt drawn and rolled. The
specimens, shall be of sutticient length to perfoirm ntesing
de..scribed in 8.i and 8.2.

11.2 Any test specimten exhibiting obvious isolatled .imt r
cctiottns that are tot representative ifi tfie product .shall be

discarded and antoiher sipuincin substituted:

12. Numbler of'l'ests
12.1 One tension and one bend test shall be made from each

90t0 kg 10 tonsl or less of each size of wire or fraction thereof

in at lhi. or a tutal tif seven satnples. whichiev.e. is less. A lot
shall cotsisi of all the coilstf a single size offered for delivery
it the samne lime.

13. Inspectitn

13.1 lie itspector tretresettiit die ptrchaser shall have
fiee entry, it all limes while work ott ilhe cotitract of thie
pttchaser is heing pertormed, total parts 0 i tie tat atrers
facilities that concern thentanufacture of the miaterial ordered.
The inanufacturer shall afford the inspecttor all reasonable
facililics itt satisfy him that the material is being futrnished in
accordance with this specitication.

13.2. I-eept for yield strength, all tests and insplmctiins shall
beu made at the trmanufacturiers fiacilities prior to shipment.
itttless otherwise specitied. Such tests shall be so conducted as
not Io inlerfeie tuntecessarily with die op.eriaton of the intanti-
facturer's facilities.

13.3 lThe purchaser shall have ite opiton it require a yield
stretgth tieasutrcutenit to determine compliaintce with yield
strength reqttirements in $.1. and shall specify that the mrea-
surements be performed by the manutactnrer at the manufac-
titrer's laciilitics. a recognized laboratory, or die purchaser's

tme5.il Rtat ioJo~fl185.lOS0 ill
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representalive al thie naitit IaiClurer's facilities. Such measure-
tteiis shall he colducledt Without unnecessarily inttefering
Willt m:iulfacltiring Operations.

13.4 For U.S. Government Pi'octurement On/uI Excelmt as
otherwise specified in the con)tr'act. tine contratctor is respottsible
fiar tile performance of all inspection and test requirements
sleciiied herein. lxcept as otherwise Sp)cilied in the contract.
hle contractor shall have tile option it) use his own or any oither

suitable facilities for the xerformimce oftthe inspection and test
requirements specihied hereti, unless disapproved by the pur-
chaser at thie. lie of pirc"haise. The purchaser shall have the
right to perlfrin any illn the it•isivtions and test-S ai the same
frequency as set forth in tins specification where Stch inspec-
lions are deemed necessary to ensure ditit material confo•rms to
prescribed requirements,

14. Rejection

14.1 Material that shows detrimetal i lm1effCCtiions subse-
quteti to its acceptaince at thie mertutacttjrcr~s facilities shall he
rcjeccd. and thie matlfacturier hIi alle notified.

14.2 FRailure otai' oftthe test specimens to iotnpl willt the
rcqtlircmnhilts oft this specilication shall constitute rirotinds forre.[jecilo,.l of the lot represented by tile slpecilnle-1.

14.3 Any retcotion based otn tests made iii accorh[dnc with
this specification shall be rept oried to ttie manhtiaturer wiHiml
tivo Weeks of tihe date of inspection or test. Thi material shall
be ad&tuatcly protectied and correctly identified such Ift it ile
manufacturer is able ito mak e a proper investigation.

15. Rehearing

15.1 Rcjectitd material ,shall be preserved for a period of tot
less that) two weeks from the date of inspectioti. durintg wkhich
time the mantfiticltrer shall have the option to make claiin for
a rehearin ii and retestitg.

15.2 'liie manufacturer shall havc the otlion to icstnbmil. tile
rejected lot lfit re-inspection or reiesting by inspecting• or
testing every ;oil for tie property in whidic the specimen failed
arid sorting out Iton-cOutlortttiilg coils.

16. Certification

16.1 When specified itt the purchase order or eontraet. tite
piurclhas.r shall he Furnished with the manufacturer's wriitencertificationl thain tile material Was mlanltillacltured SampledI.'•!

lesied. aiid inspecled i•-actcordance Wiili. aild Ileets the
requirements of'. this splcification. When stectifted in die
purchase order or contiriact. a repon ot tith test resuilts shall be
furntished. 111C certification shall ittclude tile sptia ic atit
number, year-date of issue anid revision letter. iftany.

16,2 A rMiterial Test Report- Certlitate Of IIspection. or
similar dIocunteict printed fromt or used in electronic fbrm from
at[ electrotic data interichange (FDIN) tratlsnmissiot shall be
reigarded as having the saine validityas a counterpart printed it
the cerlitier's facility. Thei ontent of tte" F'DI transirritted
doctument iinst tieet the reqttuirimnes of the invoked ASTM
stanidard(s) and coilform itO any existing F1)I agreeitent be-
tweeni the putrct:haser anid the manuftutf•efriir. Notmithst attding .the
absenie of a signature, the org-anization submitting the El)1
transaitission is responsible for tile conitent of the report.

Nom. 2 Thc industry definition as invoked heic is: 07D) is the
.'uiiimiier-o o-niputer vxvtIitang ti, bsiness inftoratioii ill a standi•id
tiarmii such as ANSI ASC X 12:

17. Packaging and Marking
17.1 lThe size of tile wire. ASTMI desitta(tion. and name or

mark of the manufacturcr shall be marked on a tag securely
attached to each coil of wire.

17.2 Unless otherwise speci.fid. packaging. marking. and
loading for shipment shall be in accordance with Practices.
A 710,

17.3 Mienet specitied in tie contract or order. and for t[le
direct procurement by or direct shipment to tte U.S. govern-
ment. marking for shipment. in addition to requirements
specilied in the cottract or order. shall he in accordance with
MIl,-S'IlYtI29 for 1U.S. military agencies and in acctordaince
witlli ed. Sid. No. 123 or U.S. government civil agencies.

18. Keywords
18.1 concrete reinforcement; deformations (indentations);

steel wire

SUI'PLEMENTARY REQUIREMENTS

S1. High-Strength Wire
SI. Scope'-Thts Stlpplieitin itdeilineiti tes only those details

thiat are relative to hiih-wstrenth winv. and to the inechatical
requirements lor wire having properties generiar ly as dc.ribed
ill this spettiicatiot.

Not-n; S I. I-Bnitling coadtes. for example. At 318 t5trniit the. use of
rcinforcement with a sidd [ tringth up to 5i) [56Miia t80 000) psil. For
compsiliility wilh the t. al" desigfan tinasisis tar htih-streiwth tein-
iiitrcnmenn. ihis tnppt' t tinttt atsurits tTlitenitant' f0i the itehanical
pripwrnie.s f swire thati ewcest the minimum a•alues lat yistd mtengith and
etisile sitenmtti innitahle 3 andT [alte 4 of this speciticatiin

S1.2 Mechanical Pboperty Requirenients,:

.S1.2.1 Minimum yield streitth shall be specified tin the
purchase order in increments of 17.5 M1t i a 125(K)1 psi1. When
tested the yield srlength shall be detcrmiincd at asi extension
under load of 0.35 %.

Nor, St .2-tl cnfirtrm to the limit on yield strength in huitdinS
tatles, the uininmum yietia strength specilietd.in the purchase order sh,,atlld
isAlie giteiirr thtan 55t MPia 180 (Xt Oinil.

SI1.2.2 Minitnni tensile strength shall be 70 MPa 1[10 000(
issil greater titan tile minimutn specitied yield'strengtlh.

Nomrr SI-.3-A typical order enilty, line fir minininumi vietd strength iS.
W2 500 psi nitnitni n ield sirengill" or -500 MPa minimum yield

mrengtth.-

" W e. ftiam 17 18 i0n -
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SI.3 Cettification--Certifictitti for material produced to
this supplement shall include a report of the test resul is for
yielk sirenih, tensile strength, and bend tets. Frequency of

testing shall coifoirm to Section 12 of this specification and
Section 12 of Stpcciticaiion A 497/A 497M as applicabhle.

SUMMARY OF CH1ANCES

Committee A(I has identified the location of selected changes to this standard since the last issue
(A 490/A 496M-4)5) that may impact r the Use of this standard.

1) Removed reference to M(I.-S'D-163.

ASTM trnternrronal takes no position respecting tre vamdi'y of any patent tights assoerrd hi coanerllon with any item mentioned
to this standarrd. Uses ot this standard ate expressly adviser that dterminratbon t fthe valditky o any such patent tights. and the iusk
at inrtfringement of such rights, are entitely their own rosponsihitmy

Tl's standard Is uhierti oi reisotn atnany time by thr irsponsibte fevtnimivnnnrliteeat d must be iena wed every fve yeats and
u nrot revised ettretr aapproved or wihrdravwn. Your wcrorrrnents are imv/ttd &Oiti e tor-revisior i ttrhis standard ot for addiltionral standards
and should be add-esed IoAShTM Intemr6aninna/ Headqriarteis your commnents will receive -artlul c•onsidetation ate meeting of tle
responsible elchnical ounriait0oo. which you may attend, it you feet that your comments have not roceied a fair boating you shouold
make yotn views krirn to trhe ASIM Commrilttee on Standa,6s, at the addretss shown below.

This standardIs copyrightted by ASI Tm Inturnatiooa/. 100 Satv Harbor Drive. PO Box CG00. West Conshohocken, PA 19428-2959,
Uilted States. o•rdirdual reprints (single or muu•tpro ,opims) of this atrnidatd.may be obtaiied by contactkbg ASTM at the above
address or at 610-832-9585 (phone). 510832,9555 (fax). or service@astm.org (e-mail); or through the ASTM websrite
lrwwvostm.roria).

brpyrrONASTiA b00.4rr.r
po.ua.as, brsrrna.,flr.rrsnnrrasiU
Nnrsrndrrsnuorrn.airtg mnriesa urnrrrst triers. frerr niS

(.
itnnnini.&r. la.,mbntrsenumrer
nrarntrresrn. rni5v~0.rf urnrnraar
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H.1.3 IC- Global Stability

Westinghouse Position

In report Section 3.3.1, Westinghouse addresses local buckling of the Shield Building, but does not
address global buckling.

NRC Understanding

ACI 334. 1R-92 (reapproved 2002), "Concrete Shell Structures Practice and Commentary,"
Chapter 5-stability; states "In common with other structures, shell should be investigated for
buckling...Poor correlation between the results of theory and experiment exists when both principal
membrane forces are compressive, as in the case of: 1. Cylindrical shells under axial compressive load;
2. Cylindrical shells under distributed load normal to the surface, which causes bending; and 3. Domes
under inward radial pressure. In extreme cases, the buckling load obtained experimentally has been found
to be as little as 10% of that predicated by the small deflection theory."

NRC Question

Given the uniqueness of the Shield Building design, with a significant concentrated load at the top of the
structure (i.e., PCS tank), how does Westinghouse address concerns with global stability, such as that
provided for under the ACI 334.IR-92, or justify why it is not required?

H.1.3.1 Action 6 0
Westinghouse will provide buckling justification and the tolerances. a,c
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H.2 ITEM 2 (RC/SC CONNECTION)

H.2.1 2A- RC/SC Connection, Load Path

Westinghouse Position

Westinghouse's proposed connection between the SC and RC as shown in Figure D. 1-5, pg. D6 and
Figure 4.1-2, pg. 4-6.

NRC Understanding

The proposed connection between the SC and RC transfers loads from the steel faceplates to a horizontal
steel plate, which is welded to the faceplates and supported by a gusset plate. The horizontal steel plate
supports the vertical rod by a nut on top of the plate. The rod passes through the interface between the SC
module and the RC module and is threaded to a mechanical connector in the RC. Such a connection is
unconventional.

The staff has identified the following concerns: (1) possibility for an alternative load path for shear
friction at the interface above the mechanical couplers when the steel faceplates bear on the concrete;
(2) possible ineffective bond between the tie rods and the concrete that may reduce the shear friction of
the same joint; (3) lack of qualification and production criteria and programs for the mechanical splice;
and (4) that the concrete below the anchor plates may not be in close contact with these plates.

NRC Questions

1. How does Westinghouse address the effects of a possible alternative load path for shear friction at
the joint above the mechanical couplers when the steel, faceplates bear on the concrete?

2. How does Westinghouse address the effects of ineffective bond between the tie rods and the
concrete on the shear friction behavior of the interface above the mechanical couplers?

3. What are the qualification and production criteria and programs for the mechanical splices?

4. How does Westinghouse address the concern that the concrete below the anchor plates may not be
in close contact with these plates (lack of contact would affect the transmission of compressive
forces)?

H.2.1.1 Action 7

Westinghouse will clarify the design approach and the load path for the RC/SC connection.
Westinghouse will walk through individual components and the load path and confirm its strengths.
Westinghouse will also describe any design changes to the RC/SC connection (i.e., possible
replacement of [ .] ,C
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H.2.1.2 Action 8

Westinghouse will provide justification that voids in the RC/SC region will not affect load path in
compression.

ac
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H.2.2 2B- RC/SC Connection, Bonding of Rods and Concrete

H.2.2.1 Action 9

Westinghouse will verify the [ ]a~c shear friction was used and the basis for acceptability when
using I ]a,,. Additionally, Westinghouse will address the limiting failure mode and check
to ensure this is in the I I"'. If changes are made from [

]"c, Westinghouse will provide details of those changes. In addition, Westinghouse will provide
the technical justification [ 1"'C for a higher shear friction
capacity factor to be used for purposes of beyond design basis.

a,c

Revision 3 H-67



APP- 1200-S3R-003 AP 1000
a.c

Revision 3 11-68Revision 3 H-68



APP-i 1200-S3R-003 APIOOO axc

Revision 3 H-69



APP-1200-S3R-003

Revision 3

APIOOO
ax

H-70



APP- 1200-S3R-003

Revision 3

APIO00
a-c

H-71



APP- 1200-S3R-003 APIO00
Iax

0

0
Revision 3 H-72



APP- 1200-S3R-003 APIOOO
a.c

Revision 3 H-73



APP- 1200-S3R-003 APIOOO
ac

Revision 3 H-74



APP- 1200-S3R-003 AP1OOO
a.c

Revision 3 H-75



APP- 1200-S3R-003 AP1000

H.2.2.2 Action 10

Westinghouse will clarify use of SCC and the specific locations where it will be used for the Shield
Building.

a,c

0
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H.2.3 2C- Qualification of Mechanical Splices

H.2.3.1 Action 11,

Westinghouse will consider use of ACI 318-08 CH 21. Indicate specific type used for Shield Building
and if it is type 1, Westinghouse will provide a justification. Provide qualification and production
criteria.

a,c
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H.3 ITEM 3 (RING GIRDER)

H.3.1 Ring Girder

Westinghouse Position

Table 5.2.6 of the Shield Building report indicates that the stress for the tie bar from the confirmatory
[ ]ac is about one-third of that from the [ ]aC analysis, and the stress for vertical
and circumferential stresses from [ ]a C analysis is about one-fifth of that from the[ ]ac.

NRC Understanding

Westinghouse used [ ] to confirm a level of conservatism in the design of the ring girder.
However, differences as large as those shown in the table indicate that such reductions in stresses may not
be achievable.

NRC Question

Explain the reasons for the differences between the results in the [ ]a,c and [ ]a,c analyses
and describe the implications on the design of the structure.

H.3.1.1 Action 12

Westinghouse will provide a typical load case at SSE to show the cross sectional forces for both the
Standard (ANSYS) and Confirmatory (LSDYNA) analyses.

a,c

0
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H.3.1.2 Action 13 '

Westinghouse will perform a calculation to address shear friction loads at the air inlets connection
and construction joint in the tension ring.

a,c
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H.3.1.3 Action 14

Westinghouse will show a calculation of the capacity of the shear ties to show that they are adequate
to address the transition from a [a,c wall.

a,c

0
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H.4 ITEM 4 (OTHER)

H.4.1 Issue 1- Benchmarking and System Ductility

Westinghouse Position

1. In Figure 8.7-7 (Page 8-28 of the Shield Building), the experimental load displacement curve
indicates that specimen [ ] shows a brittle failure mode. The specimen failed at a
1.5-inch deflection. This specimen was also benchmarked by four different concrete models in the
[ ]a,,. The predicted results from these four different concrete models in
the [ ]ac indicate that the specimen behaves in a ductile manner with no
sign of failure at 3-inch deflection and keep going strong. Also, as stated on page 10-49, "A
hand-off procedure is used to compare the analysis results from the [ ]a,c

models to the detailed [ ]apc for the critical regions of the Shield
Building. These regions are Wall Q, the west wall, air inlets, and Wall 5."

2. Westinghouse stated that [ ]apc would be benchmarked.

3. Westinghouse uses displacements for the [ ]c "handoff."

4. Page 10-48 of the report states "The results, shown in Table 10.2-4, indicate that the building has
sufficient system ductility (> 3.5)."

NRC Understanding 0
1. The staff is concerned that all the four concrete models in the [ over

predicted the ductility of the AP1000 Shield Building SC wall by a significant amount. Therefore,
the adequacy of the results is questionable.

2. The report does not describe how the [ ]ap, used for [ ]a, was
benchmarked to experimental results. Further, the report does not provide any assessment of the
mesh size sensitivity for the [ ]a,, model.

3. Staff is concerned that the handoff from [ ]apc would underestimate demands if
the [ ]a,, is too stiff.

4. Table 10.2-4 only shows loads and stresses, and no deformations and ductility are reported.

NRC Questions

1. Given that all four concrete models in the [p over predicted the
ductility of the AP 1000 Shield Building SC wall by a significant amount (i.e., does not predict
failure), how does Westinghouse ensure the adequacy. of the [ ]a"' results?
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2. Given that the report does not describe how the [ ]a,,, used for [
]"', was benchmarked to experimental results, and does not provide any assessment of the

mesh size sensitivity for the [ ]ac, how does Westinghouse justify the adequacy

of the Level 2 confirmatory analysis results.

3. In addition given that the handoff from [ ]aC would underestimate demands if the
[ ]aJ' model is too stiff, how does Westinghouse verify adequacy of the haindoff

procedure that was used?

4. Given that Table 10.2-4 only shows loads and stresses, and that no deformations and ductility are
reported, how did Westinghouse use these results to make an evaluation of system ductility? What

is the basis for [ ]a,c being designated as sufficient system ductility?

H.4.1.1 Action 15 [ ]a,C

Westinghouse will present an analysis of test specimens, using material [ I and indicate

strain limits and the points where a [a~c would occur.
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H.4.1.2 Action 16 (LS-DYNA)

Westinghouse will provide the benchmarking of the I

API1000

]a,c model to the staff.
a,c

\1
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H.4.1.3 Action Item 17 [ ]a,C

Provide the handoff procedure from the [
a,€c

a,c
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H.4.1.4 Action 18 (Out-of-Plane Shear Capacity for Tie Bars)

For tie bars, Westinghouse will determine whether I
arc°

a~c
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H.4.2 Issue 2 [ a,c

Westinghouse Position

Tie bars are spaced at 6 inches, 8 inches, and 17 inches as stated on page 4-1, and 7 inches on page 4-2,
but only 6-inch and 17-inch spacings have been tested.

NRC Understanding

The staff does not know the strength (capacity) for tie bars spaced at 7 inches and 8 inches, because there
is no test for them.

NRC Question

How does Westinghouse compute the out-of-plane shear strengths for the Shield Building with tie bars
spaced at 7 inches and 8 inches?

H.4.2.1 Action 19

Westinghouse will provide the calculation basis for the tie bar spacing other than those that were
explicitly tested [ .Ia," Westinghouse will identify the regions where
these nonstandard spacings were used, and demonstrate the capacity versus the demand in these
regions and whether it is large. a,c
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H.4.3 Issue 3 (Thermal Cracking Problem)

Westinghouse Position

The analysis results indicate that thermal cycling will cause vertical concrete cracking in the SC wall
(page 3-50).

NRC Understanding

Westinghouse did not address effects of cracking on Shield Building design capacity.

NRC Staff

Given that Westinghouse has predicted vertical concrete cracks due to thermal cycling, what is the effect
on the Shield Building design and capacity?

H.4.3.1 Action 20

Westinghouse will review the crack width assumption calculation used to evaluate the effect on
design, including: cement content, coefficient of thermal expansion, and concrete volumetric
expansion.

a,c
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H.4.3.2 Action 21

. PCS Tank Design

1. What is the maximum height of the sloshing wave? How was it calculated? How much freeboard
is provided?

2. How is the hydrodynamic pressure that is used in designing the tank walls calculated?

a. Describe how impulsive and convective loads are calculated and applied in the Shield
Building roof design

b. Provide floor response spectra at top and bottom of the PCS tank

c. Provide typical floor response spectra at PCS tank elevation extending down to 0.1 Hz (to
show that spectra at roof elevation at this frequency are similar to the ground input motion)

3. What is the maximum deflection of the W36 x 393 beam? Provide mid-span deflection relative to
ends of beam.

acK -
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