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Attachment to DCP_NRC_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 AP1000 Enhanced Shield
Building, (APP-1200-S3R-003, Revision 2) from May 2010.

1.0 Item1

1.1 1-A Demand

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 r/nagnitude 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. ' '

Responses to NRC Action Items ' June 2010



WESTINGHOUSE NON-PROPRIETARY CLASS 3
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The following pages are the presentation slides for Demand and
Capacity as presented to the NRC during the June9-11, 2010, meetings.
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1.1.1 Action 1
Westinghouse Understanding

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

Response

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

1.1.2 Action 2

Westinghouse will review current analysis to determine if Phi*Vs is

exceeded and provide a justification. ac

Responses to NRC Action Items June 2010
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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 a.c

1.14 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 [1 SSE]™® and show that the maximum in-plane shear
remains within the code allowable. Westinghouse will utilize [ANSYS] *¢ for
NIO5 and [LS-DYNA (elastic) and (cracked)]*

\

Responses to NRC Action Items June 2010 -
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1.2 1B- Out-of-plane (OOP) Shear Capacity
a.c
Westinghouse Position
Out-of-plane shear strength is adequately predicted by the test results shown in Figure
7.7-7, p 7-18 and Figure 7.11-16, p 7-110 of the Design Report for the AP1000 Enhanced
Shield Building.
NRC Staff Understanding
For a/d=3.5, the test indicate a brittle failure mode for tie bars at 17 inches. For a/d=2.5,
the cyclic tests indicate significant degradation and failure at cyclic load levels only
slightly beyond yield (brittle failure). '
The staff understood that despite brittle OOPS behavior of the SC module with ties at 17
inches, Westinghouse would demonstrate that the Shield Building would have a ductile
failure mode.
However, the adequacy of the results of the analysis is in question.
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 demonstrate
ductile failure, justify how the resultant brittle failure demonstrates safety in the Shield
Building structure
Responses to NRC Action Items June 2010
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The following pages are the presentation slides for the
Out-of-Plane Shear Capacity and for the Maximum Qut-of-Plane
Shear in the 17 x 17" Tie Region as presented to the NRC during .

the June 9-11, 2010, meetings.

Responses to NRC Action Items June 2010
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1.2.1 Action5

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

Responses to NRC Action Items ' X June 2010
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Designation: A 496/A 496M - 07
i

INTERNATIONAL

Standard Specification for

Steel Wire, Deformed, for Concrete Reinforcement’

This standard is issued under the fixed designation A $96/A 496M: Uie number i diately foll
1. A number in parentheses indicates the year of last reapproval.
A superseript epsilon (¢) indicates an editorial change since the last re

of original adoption or, in the case of revision, the year of fast ee:

This standerd has been apy

ing the indicates the year

iem or reapproval.

d for use by agencies af the Dey

1. Scope*

1.1 This specification covers deformed steel wire which hus
been cold-worked by drawing. rolling. or both drawing and
rolling, to be used as produced. or in fabricated form. for the
reinforcement of concrete in sizes having nominal cross-
sectional arcas not less than 6.43 mm?[0.01 in2).

1.2 Supplement ST describes high-strength wire, which
shall be furnished when specifically ordered. It shall be
ble o turnish high-sirength wire in place of regular
wire il muteally agreed to by the purchaser and manufaciurer.

1.3 ‘The values stated in either S1ounits or inch-pound units
are (o be regarded separately as standard. The values stated in
each system may not be cxact cquivalents; therefore, cach
system shall be used independently of the other. Combining
values from the two systems may resull in non-conformance
with the standard. (The inch-pound units are shown in brackets
except in ‘Table 1).

2. Referenced Documents

2.1 ASTM Standards: 2

A 370 Test Methods and Definitions for Mechanical Testing
of Steel Products

A497/A 49TM Specification for Siee! Welded Wire Rein-
forcement. Detormed. for Concrete

A 700 Pracices for Packaging, Muarking, and Loading
Methods for Steel Products for Shipment

E 83 Practice for Verification and Classification of Exien-
someter Sysiems ’

2.2 Military Standard

MIL-8TD-129 Marking for Shipment and Storage

2.3 Federal Standard?

Fed. Std. No. 123 Marking for Shipments (Civil Agencices)

"Ihis speeitication is under the jurisdiction of ASTM ADI on Steel. Stainless
Steel and Related Alloys and is the direet responsibility of AGLOS on Sicel
Reintorcement.

Current edition approved Sept. 1. 2107, Published October 2007, Originally
approved in 1964, Last previous edition approved in 2003 as A $96/A J96M-03,

2 For reterenced ASTM standards, visit the ASTM wehsite, www.asim,org, or
contact ASTM Customer Ser t ice@ astm.ong. For Antital Book of ASTM
Standands volune imformation, refer o the standard’s Document Sumsary page oo
the ASTM website.

 Avaitable from Standardization Documents Order Desk, DODSSP. Bidg, 4,
Scction . 700 Robbins Ave., Philadelphin, PA - 19111-5098.  bup://
www.dodssp.daps.mil.

of Defense.

24 ACT Standard: ]
ACI 318 Building Code Reguirements for Structural Con-
crete

3. Terminology

3.1 Defimitions of Terms Specific io This Standard:

3.1.1 deformed steel wire for reinforcenient—as used within
the scope and intent of this specification. shall mean any
cold-worked. deformed steel wire intended for use as rein-
forcement in concrete construction, the wire surface having
deformations that: (1) inhibit longitudinal movement of the
wire in such construction; and (2) conform to the provisions of
Section 5. 1t shall be permissible for the deformations (0 be
raised or indented.

3.1.2 size number—as used in this specification, refers to
the numerical designation of the wire as 1abulated in Table 1
and Table 2 under the column headed Detormed Wire Size
Number. or a number indicating the nominal cross-sectional
arca of the deformed wire in square millimeters [hundredihs off
a squarc inch].

4. Ordering Information

4.1 When deformed wire.is ordered by size number. the
dimensional requirements shall be as given in Table 1. When
deformed wire is ordered o dimensions other than the sizes
shown, the nominal dimensions shall be developed from the
applicable unit mass per meter {weight per foot] of the section,

4.2 1t shall be the responsibility of the purchaser 10 specity
all reguirements that are necessary for the manufacture and
delivery of the wire under this specification. Such regquirements
1o be considered include, but are not limited to. the following:

4.2.1 Quantity (mass |weight}),

4.2.2 Name of material (deformed sieel wire for conerele
reinforcement),

4.2.3 Wire diameter (see Table 1 and Tuable 2),

4.2.4 Yield strength measurement {see 8 and 13.3),

4.2.5 Packaging (sce Scction 17). and

4.2.6 ASTM designation and year of issuc.

2.7 Special requirements, if any. (Sce Supplement S1.)

Nots |—A typical ordering description s as foltows: 50 000 Ib

* Avaitable from American Concrete Institote (ACH), PO, Box 904, Fumington
Hills, M 48332-9044, htipedfwww.iwisintorg.

*A Summury of Changes sectivn appears ot the end of this standard,
Copyright @ ASTM International 100 Barr Harbor Drive, PC Box C700, West Conshohotken, PA 18428-2859, United States.

2

Capynghe ASTM Intemational
Provdad by IS under ficense with ASTM
o reproducton of permited without hcense fom HS

UcenaesPurcue Unharaty 52082001
Not for Resale. 1070/2009 12:18:10 MDY
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TABLE 2 Di ional Requir s for Deformed Steel Wire for C Reinf 1—US Cust y Units Wire Sizes”
Nominal Dimensions. Detormation Requitemants
Deformed Unit Weight, Dlameter, C I P i Spacing. i Spacing,  Minimum Average
Wire Size Iort [kg/m) In. [mm}” Asea, in2[mny)” in, (mm] in. (mm] in. [mm] Haight of
Numbes* ¢ Detoimations, in.
{mm)"e
D-1 0.034 (0.051) 0.113{2.87) 0.010 |6.45] 0,354 |9.00] 0.285 [7.24] 0.182 [4.62) 0.0045 [0.114]
D-2 0.068 [0.101) 0.160 |4.05} 0.020 |12.9} 0.501 [12.7] 0.285 [7.24] 0.182 {4.62] 0.0063 [0.160]
D-3 0.102 [0.152) 0.195 [4.96} 0.030 [19.4} 0.614 (15.6) 0.285 [7.24] 0.182 [4.62] 0.0078 [0.198)
D4 0,136 [0.202) 0.226 [5.73} 0.040 [25.8) 0.709 [18.0} 0,285 {7.24] 0.182 {4.62) 0.0101 {0.257)
[v¥3 0.170 [0.253) 025216 41} 0.050./32.3] 0.793 [20.1} 0.285 |7.24] 0,182 {4.62) 0.0113 [0.287)
06 0.204 [0.304] 0.276 [7.02) 0.060 [38.7} 0.868 [22.1} 0.285 [7.24] 0.182 {4.62] 0.0124 [0.315)
D7 0,238 [0.354] 0,299 [7.58) 0,070 ]45.2} 0.938 [23.8) 0.285 [7.24] 0.182 14.62] 0.0134 [0.304]
o8 0.272 [0.405]) 0319 18.11] 0.080 [51.6] 1.00[25.5] 0.285 [7.24] 0.182 {4.62] 0.0143 {0.363)
D9 0.306 [0.455] 0.339 [8.60) 0.090 [58.1) 1.06 {27.0] 0.285 [7.24] 0.182 [4.62] 0.0152 [0.386]
D10 0,340 [0.508] 0.357 [9.06] 0.100 [64.5] 112 [28.5] 0.285 [7.24] 0.162 {4.62) 0.0160 {0.406)
on 0.374 10.557] 0.374 {9.51) 0.N0{71.0 1.18(29.9] 0.285 [7.24] 0.182 {4.62] 0.0187 {0.475)
D12 0.408 [0.607] 0.391 {9.93) 0.120[77.4) 1.23[31.2) 0.285 [7.24] 0.182 {4.62] 0.0195 {0.495)
0-13 0.442 [0,658) 0.407 [10.3} 0.130 [83.9] 128 [325) 0.285 [7.24] 0.182 {4.62) 0.0203 (0.516)
D14 0476 [0.708] 0.422{10.7] 0.140 [90.3) 1.33(33.7) 0.285 {7.24) 0.182 (4,62 0.0211 [0.536]
D15 0510 {0.759] 0437 (1.1 0.150 {95.8] 137 [34.9] 0.285 {7.24] 0.182 |4.62) 0.0218 [0.554)
D16 0,544 [0.810) 0.451 [11.5] 0.160 {103] 1.4236.0] 0.285 [7.24] 0.182 [4.62) 0.0225 {0.572)
D7 0.578 [0.860] 0,465 {11.8] 0,170 [110] 146 (37.1) 0.285 {7.24] 0.182 {4.62) 0.0232 {0.589)
D18 0.612[0.911) 0479 12.2] 0.180 [116] 1.50[38.2] 0.285 [7.24] 0.182 {4.62) 0.0239 [0.607)
D-19 0.646 {0.961) 0.492 [12.5] 0.190 {122} 1.55{39.2] 0.285 [7.24] 0182 {4.62) 0.0245 0.622]
0-20 0.680 [1.01] 0.505 (12,8} 0.200 [129] 1.59 [40.3] 0.285 [7.24) 0.182 {4.62) 0.0252 {0.604]
D-21 0.714 [1.06) 0.517 (13.1} 0.210 (135} 1.62(41.3) 0.285 [7.24] 0.182 {4.62] 0.0259 [0.658]
D-22 0,748 {1.11} 0529 [13.4} 0,220 [141} 166 [42.2] 0,285 [7.24] 0.182 {4.62) 0.0265 {0.673)
D-23 0.782 [1.16) 0541 13.7] 0.230 [148] 1.70[43.2) 0.285 [7.24] 0.182 |4.62) 0.0271 {0.688)
D-24 0.818 {1.21] 0.553 [14.0} 0.240 [154] 174 [44.9) 0.285 [7.24] 0.182 {4.62) 0.0277 [0.704)
D25 0.850 |1.26) 0.564 [14.3] 0.250 [161) 177 (45.0) 0.285 {7.24) 0.182 {4.62) 0.628210.716)
D-26 0.884 [1.32) 0.575 [14.6} 0.260 [167] 1.81[45.9) 0.285 [7.24] 0.182 4.62) 0.0288 {0.732)
D27 0918 {1.37} 0566 [14.9) 0270 [174] 1,84 [46.8] 0.285 {7.24] 0.182 [4.62} 0.0293 {0.744]
D-28 0.952 {1.42] 0.597 [15.2] 0.280 [180] 1.88 [47.6] 0.285 {7.24] 0.182{4.62) 0,0299 [0.759]
D-29 0.986 {1.47] 0.608 [15.4} 0.280 (187} 1.91 (48.5] 0.285 [7.24] 0.182 14.62) 0.0304 {0.772)
D-30 1.02{1.52) 0618 [15.7] 0.300 (193] 1.54 [49.3) 0285 [7.24] 0.182{4.62] 0.0309 {0.785)
D-31 1.05{1.57] 0,628 [16.0} 0.310 [200} 1.97 [50.1] 0.285 [7.24] 0,162 [4.62] 0.0314 [0.798]
D-45 1,53 {2.28} 0,757 [19.2} 0.450 [290] - 2.38[60.4] 0.285 [7.24] 0,182 4.62] 0.0379 [0.961)
“ In this table only, inch-pound units are regarded as standard and SI unils are shown in biackets.
# The number g the prefix indi the nominal ional area of the wire in square inchas [square millimaters].

“ For sizes other than those shown above, the Size Number shall be the number of one hundiedihs of a square inch in the nominal area of the deformed wite cross
section, prefixed by the letter D.

2 The nominal diameter of a detormad wire is equivalent to the diameter of a plain wire having the same weight per toot as the defotmed wire.

 The cross-sectional area is based on the nominal diameter. The area in square Inches [millimeters] is calculated by dividing the unit weight [mass) in ibs.fin, [kg/mm]
by 0.2833 (weight of 1 In.? of steel) [7 X 10°%mass of 1 mm® of steel)), or by dividing the unit weight [mass) in tbs. /1. (kg/m] by 3.4 (weight ot stee! 1 in. square and 1 fool
long) [0.007849 (mass of 1 mm square and 1 m long)).

' The minimum average height of ihe shali be trom made on not less than two typlcal detormations trom each line of
! on tho wite. shatl be made at the center of indentation as described In 6.2.
. These sizes represent the most readily available sizes in the weldad wire reintorcoment indusiry. Other wire sizes are and many can produce

them in 0.0015-In® [1-mm?] increments.
i

deformed steel wire for conerete reinforcement. size: No. MD80 [D12.4]. 6.3 The average longitudinad spacing of deformations shall
in:800 kg |2000 Ib] secured coils. to ASTM A J96/A 496M ~____ . be not less than 3.5 nor more than 5.5 deformations per 25.4
mm {1 in.] in cach line of deformations on the wire.

6.4 The minimum average height of the center of typicai
deformations based on the nominal wire digmeters shown in
Table | and Tuble 2 shall be as follows:

5. Materials and Manufacture

5. The steel shall be made by one of the lollowing
processes: open-hearth, electric furnace, or basic oxygen.

5.2 ‘The deformed steel wire shall be produced from rods or

e the . N . R o Wie Sizes . Minimum Average Height
bars that have been hot rofled trom billets, of Doformations.
Parcent of
6. Requirements Nominat Wire Diameter
- R X X MD20 {D3] and smaller N 4
6.1 Delormations shall be spaced along the wire at a Larger than MD20 [D3] trough av
substantially uniform distance and shall be symmetrically MDes [D10]
. . - B . . Larger than MD65 [D10) 5
dispersed around the perimeter of the section. ‘The. deforma-
tions on all longitudinal lincs of the wire shall be similar in size 6.5 The deformations shall be placed with respect to the axis
and shape. A minimum of 25 % of the tolal surlace arcat shall of the wire so that the included angle is not less than 457 or if’
2 be deformed by measurable deformations. detormations are curvilinear, the angle formed by the (rans-
6.2 Deformed wire shall have two or more lines of defor- verse axis of the deformation and the wire axis shatl be not {ess
mations. than 45°. Where the line of deformations forms an included
Copyrignt ASTM intem ational 2
Provded by iMS under icense mth ASTM UcenseesPurdue Universty 5023082001
Ha reproduction of networking permitied without iicense fram IMS Not for Resals, 10/730/2009 12:18.10 MDT
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TABLE 3 Ti Test Requir t TABLE 4 Tension Test Requirements (Material for Welded Wire
MPa [psi] min Reinforcement)
Tonslle shength 585 {85 000) MPa [psi] min
Yield strength 515 {75 000) Tensile sirangth 550 [80 000]
g Yiald strongth 485 (70 000)

angle with the axis of the wire from 45 to 70° inclusive. the
deformations shall aliernately reverse in direction on each side.
or those_on onc side shall be reversed in direction from those
on the opposite side. Where the included angle is greater than
70°. a reversal in dircetion is not required,

7. Dimensions

7.1 The average spacing of deformations shall he deter-
mincd by dividing a measured length of the wire specimen by

the number of individual deformations in any one row of

deformations on any side ol the wire specimen. A measured
tength of the wire specimen shall be considered the distance
from a point on a deformation to a corresponding point on any
other deformation in the same linc of deformations on the wire.

7.2 The minimun average height of deformations shall be
determined from measurements made on not less than two
typical deformations from each line of deformations on the
wire. Measurements shall be made at the center of indentations.,

8. Mechanical Property Requirements

8.1 Tension Tests:

8.1.1 When tested as described in ‘Test Methods and Defi-
nitions A 370. the material. except as specificd in 8.1.2 shall
conform 10 the tensile property requirements in Table 3, based
on the nominal arca of wire.

&.1.2 When required by the purchaser, yield strength shall
be determined using a Class B-1 cxiensometer as described in
Practice E83. The yicld strength shall be determined us
described in ‘Test Methods and Definitions A 370 and an
extension of 0.5 % of gage length, Tt shall be- permissible o
remove the extensometer after the yicld sirength has been
determined. The wire shall meet the requiremients of Table 2 or
4, whichever is applicable.

8.1.3 FFor material 10 be used in the fabrication of welded
wire reinforcement, the tensile and yield sirength propertics
shall conform 10 the requirements given in Table 4. based on
the nominal area of the wire.

8.1.4 "The material shall not exhibit & detinite yield point as
evidenced by a distinct drop of the beam or hall in the gage of
the testing machine prior to reaching ultimate tensile load.

8.2 Bend Test—The bend test specimen shall withstand
being bent at room temperature through 90° without cracking
on the outside of the bent portion, as prescribed in Table 5

9. Permissible Variation in Mass [Weight]

9.1 The permissible variation in mass (weight] of any
delormed wire shall be 26 % of its nominal weight. The
theoretical masses [weights] shown in Table 1. or similar
caleulations on unlisted sizes, shall be used to cstablish the
variation,

10. Workmanship, Fi

10.1 "The wire shall be free of detrimental imperfections and
shall have a workinanlike finish.

sh, and Appearance

Copyngnt ASTM Intemationat
Provdad by 143 undur ficense with ASTM
from S

TABLE § Bend Test Requirements

Size Numbar of Wire Bend Tost
MD39 [D6] and smalier Bend around a pin the diameter 1hat 1S equal 10
twice the diameter of the spacimen
Band around a pin the diamater 1hat is equal to
tour times the diameter of tha spacimen

Larger than MD39 {D8)]

10.2 Rust, surface seams. or surface irregularities shall not
be a cause for rejection provided the requirements of 10.3 are
mel, and the minimwn dimensions and mechanical properties
of a hund wirc-brushed test specithen meet the requirements off
this specification,

10.3 Wirc intended for welded wire reinforcement shall be
suilicienly free of rust and drawing lubricant, so as not 1o
intertere with electric resistance welding.

11. Sampling

[1.1 "Test specimens tor testing mechanical properties shall
be full wire sections and shall be obtained from the ends of the
wire product as drawn’or rolled, or both drawn and rolled. The
specimens shall be of sufficient length 10 perform |<,xung.
described in 8.1 and 8.2.

11.2 Any test specimen exhibiting obvious isolated i nnpgr~
fections that are nol representative of the product shall hc
discarded and another specimen substitured.

12, Number of Tests

12.1 On¢ tension and one bend test shall be made from cuch
9000 kg [10 tons] or less of cach size of wire or fraction thereol
in a lot or & totad of seven samples, whichever is less, A lot
shall consist of all the coils of a single size offered for delivery
at the same time.

13. Inspection

t3.1 ‘The inspector representing the purchaser shall have
free entry. at all times while work on the contract of the
purchaser is being performed, 1o all parts of the manufacturer’s
facilitics that concern the manufacture ot the material ordered.

The manufacturer shall afford the inspector all reasonable .
facilities to satisty him that the material is being furnished in .
accordance with this specification,

13.2 Except for yield strength. all tests and inspections shall
be made at the manufucturer’s facilitics prior (o shipment,
unless otherwise specified. Such tests shafl be.so conducted as
not o interfere unnecessarily with the operation ol the manu-
facturer’s facilities.

13.3 The parchaser shall have the option to require a yield
strength measurement o determine compliance with yield
strength requirements in 8.1, and shall specify that the mea-
suremenis be performed by the manufacturer at the manufac-
twrer’s facilitics, a recognized laboratory, or the purchaser’s

UcenseasPurdus Universty/ 5923082001
Not for Resale, 1073042008 12:18.10 KIDY
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representative at the masulacturer’s Tacilities. Such measure-
ments shall be conducted without unnecessarily interfering
with manufacturing operations.

134 For U.S. Governnient Procurement Onlv—Except as
otherwise specified in the comract, the contractor is responsible
for the performance of all inspection and test requirements
specified herein. Except as otherwise specified in the contract,
the contractor shall have the option 1o use his own or any other
suitable facilities for the performance of the inspection and test
requirements speciticd herein, unless disapproved by the pur-
chaser au the time of purchase. The purchascr shall have the
right to perform any of the inspections and tests at the same
Irequency as set forth in this specification where such inspec-
tions are deemed necessary to cnsure that material conforms to
prescribed requirements.

14. Rejection

14.1 Material that shows detrimental imperfections subse-
quent to its acceplance at the manufacturer's facilitics shall be
rejected. and the manutacturer shall be notitied.

14.2 Failurc of any of the test specimens 1o comply with the
rcquirjf:mcnls of this specification shall constitute grounds for
rejection of the Jot represented by the specimen.

14.3 Any rejection based on tests made in accordance with
this specification shall be reported 10 the manufacturer within
two weeks of the dale of inspection or test. The material shail
be :1d§qualcl)' protected and correctly identified such that the
manufacturer is able 1w make a proper investigation.

i

15. Rehearing

15.1 Rejected material shail be preserved for a period of not
less than two weeks (rom the date of inspection, during which
time the manutacturer shall have the option 1o mnake claim for
a rehearing and retesting.

15.2 “Ihe manutacturer shall have the option w resubmit the
rejected fot for re-inspection or rewsting by inspecting or
testing cvery ¢oil for the property in which the specimen tailed
and sorting out non-conforming coils.

SUPPLEMENTARY REQUIRE

S1. High-Strength Wire

ST Scope—This supplement delineates onty those details
that arce refative 1o high-strength wire and to the mechanical
requirements for wire having propertics generally as deseribed
in this specification.

Nove 81 1—Building codes. for example. ACIH 318 permit the use of
reinforcement with a yield strength up to S50 MPa {80 000 psil. For
compatibility with the codes’ design provisions for high-strength rein-
forcement. this supplement prescribes require s for the hanical
2 i Or yield strength and
tensile strength in Table 3 and “labe 4 of this specitication

$1.2

Mechanical Property Requirements:

Copytight ASTM Intemationat
Provided by IMS under license with ASTM

networking permited from HS

&

Ucames=Pur
Not for Resale,

16. Certification

16.1 When specificd in the purchase order or contract, the
purchaser shall be furnished with the manufacturer’s written
certification that the material was manufactured. sampled.
tested, and inspected in accordance with, and mects the
requirements of. this specification. When specified in the
purchase order or contract. a report of the test results shall be
furnished. The certification. shall include the specitication
number. year-date of issue and revision letier. if any.

16.2 A Material Test Report, Certificate ot Inspection, or
similar document printed from or used in clectronic form from
an electronic data interchange (EDID) transmission shall be
regarded as having the same validity as a counterpart printed in
the certifier’s facility. The content of the EDI transmiued
document must mect the requirements of the invoked ASTM
standard(s) and conform to any existing DI agreement be-
tween the purchaser and the manufacturer. Notwithstanding the
absence of a signature, the organization submitting the EDI
transmission is responsible for the content of the report.

Note 2-~The industry definition as invoked here is: EDI is the
computer-to-compuiter exchange of business information in o standard
format such as ANSI ASC X12.

17. Packaging and Marking

17.1 ‘The size of the wirc. ASTM designation. and name or
mark of the manufacturer shall be marked on a 1ag sccurely
attached to each coil of wire.

17.2 Unless otherwise specified, packaging. marking, and
loading for shipment shall be in accordance with Practices
A 700.

17.3 When specified in the contract or order, and for the
direct procurement hy or direct shipment to the U.S8. govern-
ment, marking for shipment. in addition to requirements
specified in the contract or order, shall be in accordance with
MIL-STD-129 for U.S. military agencies and in accordance
with Fed. Std. No. 123 or U.S. government civil agencies.

18. Keywords

18.1 concreie reinforcement; delormations (indentations):
steel wire

TS

S1.2.1 Minimum yield strength shall be specilied in the
purchase order in increments of 17.5 MPa 2500 psi]. When
tested he yield strength shall be determined at an extension
under load of 0.35 %,

Norg S1.2—To conform to the limit on yield strength in building
codes, the minimum yield strength specified in the purchase order shoutd
not be greater than 550 MPa [80 000 psil.

$1.2.2 Minimum tensile strength shall be 70 MPa {10 000
psil greater thun the minimum specified yield strength.

Nove $1.3—A typical owder eniry line for minimum yield strength is,
»72 500 psi minimum yicld strength™ or 500 MPa minimum yicld
sirength.”

Gue Universty! 5923082001
, 10/50/2009 12:18:10 DT
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S81.3  Centification—Certification Tor material produced 10 testing shall conform o Section 12 of this specification and
this supplement shall include a report of the test results for” Scetion 12 of Specification A 497/A 497M as applicable.

yicld strength, tensile strength, and bend tests. Frequency of

SUMMARY OF CHANGES

Commiuce A0 has identified the location of selecied changes 1o this standard since the last issue

(A 496/A 496M-05) that may impact the use of this standard.

(1) Removed reference to MIL-STD-163.

ASTM International takes no position respecting the validily of any paten! rights asserted in connection with any item mentioned
in this Users of this are expi ly agvised that determination of the validily ot any such patent rights. and the tisk
of intringement of such rights. are entirely thelr own responsibility.

N This standard is subject to revision at any tima by the rosponsil i and must be rovi every fivo years and -8
It not revised. elther reapy Your are Invited elthar lor revision of this of for i
and should bo to ASTM i Headquarters. Your will receive caretul considoration at a meeting of the
rosponsible tochnical committes. which you may attend. It you teel that your comments have not received a tair hearing you should
make yout viaws known to the ASTM Commiftee on Standards, al the address shown below.

This is copyrig by ASTM . 100 Barr Harbor Didve. PO Box G700, West Conshohocken, PA 19428-2959,
United States. individual reprinis (singla or multiple copies) of this may be obi by ing ASTM al the above
address or at 610-832-9585 (phone), 610-832-9555 (fax). or service@astm.org (e-mail); or through the ASTM website
{www.astm.org).
N
Copynghe ASTM Inzemazional f .
Prowded by 45 unde ficanse with ASTM LicensowaPurdue Universty/S823082001
networking from HS Not for Resale, 10/30/2008 12:1810 MDT
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1.3

1.3.1

1C- 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 Understénding

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 334.1R-92, or justify why it is
not required?

Action 6

Westinghouse will provide buckling justification and the tolerances. a,c
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Item 2 (RC/SC Connection)

2A- RC/SC Connection, Load Path

Westinghouse Position

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

7 .

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 concems: (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)?
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June 2010



59

WESTINGHOUSE NON-PROPRIETARY CLASS 3

The following pages are the presentation slides for the RC/SC
Connection and for the RC/SC Connection Force and Moment Transfer
topics as presented to the NRC during the June9-11, 2010, meetings.
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SC/RC Connection
Tension

H

@ Westinghouse Westinghouse Non-Proprietary Class 3

5

5]
a,C




SC/RC Connection
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SC/RC Connection
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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

[ "

a,c
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2.1.2 Action 8

Westinghouse will provide justification that voids in the RC/SC region will
not affect load path in compression. a,
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22 2B- RC/SC Connection, Bonding of Rods and Concrete
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The following pages are the presentation slides for the Shear Friction
~ Behavior topic as presented to the NRC during the June9-11, 2010,
- meetings.

Responses to NRC Action Items : June 2010
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2.2.1 Action9

Westinghouse will verify the | 1> shear friction was used and the basis
for acceptability when using [ 1. Additionally, Westinghouse
will address the limiting failure mode and check to ensure this is in the |
1. If changes are made from [ 15
Westinghouse will provide details of those changes. In addition,
Westinghouse will provide the technical justification [
]* for a higher shear friction capacity factor to be used

a,c
for purposes of beyond design basis.
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Responses to NRC Action Items

June 2010
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The major mechanisms affecting the transfer of stresses across cracks in reinforced concrete are:

Responses to NRC Action Items June 2010

ac




WESTINGHOUSE NON-PROPRIETARY CILASS 3

85

Responses to NRC Action Items

June 2010
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Responses to NRC Action Items
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a,c

Responses to NRC Action Items June 2010



WESTINGHOUSE NON-PROPRIETARY CIASS 3

89

Responses to NRC Action Items

June 2010
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Responses to NRC Action Items

June 2010
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Responses to NRC Action Items

June 2010
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2.2.2 Action 10

Westinghouse will clarify use of SCC and the specific locations where it will
be used for the Shield Building. ac
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Responses to NRC Action Items
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2.3  2C- Qualification of Mechanical Splices

2.3.1 Action 11

Westinghouse will consider use of ACI 318, Chapter 21 and will indicate the

. specific type of concrete used for the Shield Building. If it is type 1,
Westinghouse will provide justification, qualification, and production
criteria.

ac
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3.0 Item 3 (Ring Girder)
3.1 Ring Girder

Westinghouse Position

Table 5.2.6 on page 5-25 of the Shield Building report indicates that the stress for the tie
bar from the confirmatory [ 1* analysis is about one-third of that from the
ANSYS analysis, and the stress for vertical and circumferential stresses from [

1% is about one-fifth of that from the [ 1*¢ analysis.

NRC Understanding

Westinghouse used [ 1* 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 [ \ 1*° and
[ ]*¢ analyses and describe the implications on the design of the structure.

Responses to NRC Action Items June 2010
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NRC Staff Concern: :
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Westinghouse approach to ' A&/{Q
address NRC concern |
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Table 5.2-6 Correction
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Elastic ANSYS F/E Analyses
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Air Inlets Vertical Sectional Cuts
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Air Inlets Horizontal Sectional Cuts
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Conservative Tension Ring Stress
Calculations

AF1000
(—

12




. WESTINGHOUSE NON-PROPRIETARY CLASS 3

Air Inlet Structure — Pipe Openings
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The following pages are the presentation slides for the [ 1€ to
[ 1> Comparison topic as presented to the NRC during the
June 9-11, 2010, meetings.

Responses to NRC Action Items : June 2010
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3.1.1 Action 12

Westinghouse will provide a typical load case at SSE to show that the cross
sectional forces for both the [Standard (ANSYS) and confirmatory (LS-
DYNA)]™ analyses. ‘

Responses to NRC Action Items ' June 2010
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Responses to NRC Action Items
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Responses to NRC Action Items
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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.

Responses to NRC Action Items

June 2010
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Responses to NRC Action Items

June 2010
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Responses to NRC Action Items
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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 |

¢ wall. ac

Responses to NRC Action Items June 2010
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4.0 Item 4 (Other)
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 QOOPV-3.5 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 [ 1*¢ computer code. The predicted resuits from
these four different concrete models in the [ 1*¢ computer code 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 [ 1%¢ models to the detailed [

1% models 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 [ 1*¢ would be benchmarked.
(3) Westinghouse uses displacements for the [ v 1*¢ "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

(1) The staff is concerned that all the four concrete models in the [ 1€
computer code 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 [ 1** code, used for [
1%, was benchmarked to experimental results. Further, the report does
not provide any assessment of the mesh size sensitivity for the | 1
model.

(3) Staff is concerned that the handoff from [ 1% would underestimate
der\nands if the [ 1% model 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 [ - ‘ 1% over predicted
the ductility of the AP1000 Shield Building SC wall by a significant amount (i.e.,

Responses to NRC Action Items June 2010
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does not predict failure), how does Westinghouse ensure the adequacy of the |

]a,c
(2) Given that the report does not describe how the[ 1*¢ code, used for [
1% was benchmarked to experimental results, and does not provide any
assessment of the mesh size sensitivity for the [ 1*¢ model, how does
Westinghouse justify the adequacy of the [ _ 1
(3) In addition given that the handoff from [ 1% would underestimate
demands if the [ %€ is too stiff, how does Westinghouse verify

adequacy of the handoff 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 [ ]*° being designated as sufficient
system ductility?

Responses to NRC Action Items ' June 2010
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The following pages are the presentation slides for Benchmarking
and System Ductility topic as presented to the NRC during the
June 9-11, 2010, meetings.

Responses to NRC Action Items June 2010 -
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NRC Staff Understanding
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Westinghouse approach to address NRC concern
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SC Wall LS-DYNA Model
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SC Wall LS-DYNA Model
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Steel Plate Material Properties
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Concrete Material Properties
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Shear Strain Calculations e
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Principal Strain Vector for Concrete after Yield
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Principal Strain Vectors for Steel Plate — After Yield wn
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In-plane Shear — RC Wall

24




WESTINGHOUSE NON-PROPRIETARY CLASS 3 T

L SDYNA MODEL FOR FLANGED SHEAR WALL STEEL AP1000
REINFORCEMENTS "

s | @ West_inghouse




WESTINGHOUSE NON-PROPRIETARY CLASS 3

Steel Reinforcements Plastic Strain Vs. Stress dull=
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Out Of Plane Shear Benchmarking il
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LEVEL 2 vs. LEVEL 3 In-Plane Shear Comparison of West Wall A&Oﬂ
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Wall-5 Level-3 Model Description w
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Air Inlet Level-2 Model Description AP1000
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Air Inlet Level-3 Model Description
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Drift Ratio . AF1990
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4.1.1 Action 15[ 1€

Westinghouse will present an analysis of test specimens, using material
[ 1*°, and indicate strain limits and the points where a |
1> would occur.

Responses to NRC Action Items June 2010
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4.1.2 Action 16 | 1™
Westinghouse will provide the benchmarking of the | 1> model to
the staff. a,c
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120

WESTINGHOUSE NON-PROPRIETARY CLASS 3

Responses to NRC Action Items

June 2010

a,c




WESTINGHOUSE NON-PROPRIETARY CLASS 3

121

a,c

Responses to NRC Action Items

June 2010




/

WESTINGHOUSE NON-PROPRIETARY CLASS 3

122

Responses to NRC Action Items

June 2010

a,c




WESTINGHOUSE NON-PROPRIETARY CLASS 3

123

Responses to NRC Action Items
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4.1.3 Action Item 17 | 1
Provide the handoff procedure from the |
]a,c
[ Responses to NRC Action Items June 2010
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4.1.4 Action 18 (Out-of-Plane Shear Capacity for Tie Bars)

For tie bars, Westinghouse will determine whether |
]a,c. a,C

Responses to NRC Action Items June 2010




WESTINGHOUSE NON-PROPRIETARY CLASS 3

202

a,c

Responses to NRC Action Items

June 2010




WESTINGHOUSE NON—PROPRIETARY CLASS 3

203

Responses to NRC Action Items

June 2010




WESTINGHOUSE NON-PROPRIETARY CLASS 3

204

Responses to NRC Action Items

June 2010

a,c




WESTINGHOUSE NON-PROPRIETARY CILASS 3

205

Responses to NRC Action Items

June 2010




WESTINGHOUSE NON-PROPRIETARY CLASS 3

206

L

- Responses to NRC Action Items

June 2010

a,c




WESTINGHOUSE NON-PROPRIETARY CILASS 3

207

Responses to NRC Action Items

June 2010




WESTINGHOUSE NON-PROPRIETARY CILASS 3

208

a,c

Responses to NRC Action Items

June 2010




WESTINGHOUSE NON-PROPRIETARY CLASS 3 209

4.2

4.2.1

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?

Action 19

Westinghouse will provide the calculation basis for the tie bar spacing other

than those that were explicitly tested [ 1™
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

Responses to NRC Action Items ' June 2010
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4.3

4.3.1

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 cybling,
what is the effect on the Shield Building design and capacity?

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.

Responses to NRC Action Items
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4.3.2 Action21
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.

Responses to NRC Action Items : June 2010



WESTINGHOUSE NON-PROPRIETARY CLASS 3

218

Responses to NRC Action Items

June 2010

a,c




l

WESTINGHOUSE NON-PROPRIETARY CLASS 3

219

Responses to NRC Action Items

June 2010

a,c




WESTINGHOUSE NON-PROPRIETARY CLASS 3

220

a,c

Responses to NRC Action Items

June 2010




WESTINGHOUSE NON-PROPRIETARY CLASS 3

221

Responses to NRC Action Items

June 2010

a,c




WESTINGHOUSE NON-PROPRIETARY CLASS 3

222

/

Responses to NRC Action Items

June 2010

a,c




WESTINGHOUSE NON-PROPRIETARY CLASS 3

223

Responses to NRC Action Items

June 2010

a,c




WESTINGHOUSE NON-PROPRIETARY CILASS 3

224

Responses to NRC Action Items

June 2010

a,c




WESTINGHOUSE NON-PROPRIETARY CLASS 3

225

Responses to NRC Action Items

June 2010

a,c




WESTINGHOUSE NON-PROPRIETARY CI.ASS 3 226 , ¢

Responses to NRC Action Items : June 2010



WESTINGHOUSE NON-PROPRIETARY CLASS 3 227

a,c

Responses to NRC Action Items June 2010




228

WESTINGHOUSE NON-PROPRIETARY CLASS 3

Responses to NRC Action Items

June 2010

a,c




WESTINGHOUSE NON-PROPRIETARY CLASS 3

229

a,.c

Responses to NRC Action Items

June 2010



WESTINGHOUSE NON-PROPRIETARY CLASS 3

230

Responses to NRC Action Items

June 2010

a,c




WESTINGHOUSE NON-PROPRIETARY CLASS 3

231

Responses to NRC Action Items

June 2010

a,c




WESTINGHOUSE NON-PROPRIETARY CLASS 3

232

Responses to NRC Action Items

June 2010

a,c




WESTINGHOUSE NON-PROPRIETARY CLASS 3

233

Responses to NRC Action Items

June 2010

a,c




WESTINGHOUSE NON-PROPRIETARY CLASS 3

234

Responses to NRC Action Items

June 2010




WESTINGHOUSE NON-PROPRIETARY CLASS 3

- 235

a,c

Responses to NRC Action Items

June 2010

N

%
[



