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ATTACHMENT 9.3 CALCULATION REFERENCE SHEET@S

Sheet 2 of 2

CALCULATION CALCULATION NO: 16-003
REFERENCE SHEET | REVISION/Change Notice: 0

l.a. Change Notices Incorporated
List: None

I.b. Change Notices NOT Incorporated
List: None

Pending |Output Tracking

Il. Relationships: Sht. Changes Doc No.

DWG. 9150 133 None N/A

DWG. 9150 156 None N/A

DWG. 9150 157 None N/A

DWG. 9150 158 None N/A

DWG. 9150 159 None N/A

DWG. 9150 E101 None N/A

DWG. 9150 E106 None N/A

DWG. 9150 E107 None N/A

©® N ;AW IN] =

USAR Amendment 25 - None N/A

Stearns-Roger, CMTRs
" [[Media 09031-2021 thru 2107]

-
o

None N/A

Burns & Roe, Computer

Analysis of Turbine Building
Pressure History [Media (1)
8317-1718, (2) 64158-1094]

O |0 O000C00C00O0

11. N/A

None

0 ® X HERINKRRRKKS

12. |EC # (EE) 13-041 None

[

Il REFERENCES:

. NPPD Purchase Order 4200002638, Including Amendment 1
. AISC Manual of Steel Construction, Sixth Edition
R.E. Peterson, "Stress Concentration Factors," John Wiley & Sons, 1974

. Blodgett, O.W. "Design of Welded Structures”, Cleveland, James F. Lincoln Arc Welding
Foundation, 1966

Shigley, J.E., Mechanical Engineering Design, McGraw-Hill Book Co., 1972, 2nd Edition (unless
otherwise indicated)

E. Oberg, et.al., Machinery's Handbook, Industrial Press, 27th Edition (unless otherwise
indicated)

. MATHCAD, Version 14.0, Parametric Technology Corp., 2007
. ASTM SA-307, "Specification for Carbon Steel Bolts and Studs, 60,000 psi Tensile Strength"
NUREG/CR-2137, "Realistic Seismic Design Margins of Pumps, Valves, and Piping", June 1981
. Inryco Wall Systems Technical Data, L10 Series Liner Panel (obtained from vendor)

. Inryco Job No.49054, "Vacuum Load Test L10 Steel/IW21A Aluminum 1820 Gage Wall Panel
Cooper Nuclear Power Station, Nebraska", March 1973
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12. National Aerospace Standards Committee NASM1312-13, :Fastener Test Method 13 - Double
Shear Test", 2013

13. Baumeister T., et.al., "Mark's Standard Handbook for Mechanical Engineers", 8th Edition,
McGraw-Hill

14. AISC Shapes Database v13.1 Historic.xls

15. Email Correspondence K. Tom (NPPD/CNS) to B. Elaidi (LPI), "Hardness of Supplied Bolts",
November 28th, 2015

16. CNS Construction Contract No.E69-15, "Structural Steel for Turbine Generator and Reactor
Buildings and Intake Structure”, Revision 11, Dated 7/11/69

17 CNS Calculation NEDC 13-028, Revision 1, "Ultimate Internal Pressure of Turbine Building
Blowout Panels and Metal Wall System"

18. ANSYS References:
18.A ANSYS General Purpose Finite Element Analysis Software Code, Version 14,

ANSYS Inc., LPI Report No. V&V-ANSYS-14, Rev.0, "Verification and Validation of
ANSYS Software Program"

18.B LPI Quality Assurance Procedure No. 4.1, Revision 5, "Software Control"

V. SOFTWARE USED:
Title: ANSYS Version/Release: 1 MS! No.: N/A

Title: MATHCAD Version/Release: 14. MSI No.: N/A

V. DISK/CDS INCLUDED: None

Description of Contents:

VL. OTHER CHANGES: None
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ATTACHMENT 9.7 DESIGN VERIFICATION COMMENT SHEET
REVIEWER COMMENT/RESOLUTION RECORD
Document: LPI Calculation No. A15406-C-001, Rev.1
REVIEWER
REVIEWER REVIEWER PREPARER PREPARER | ACCEPT
NUMBER COMMENTS INIT/DATE RESPONSE INIT/DATE | INIT/DATE | CODE'
1 Editorial comments have been provided in the TES BME TES
calculation markup. 1-14-16 | All editorial comments are incorporated 2-8-16 2-8-16
The analysis shows that failure is predicted
in the weld and bolts. The angle as a
component is not part of the failure modes
described. The only contribution is from the
resulting size of weld along the vertical leg.
The 4x3 angle was selected to be consistent
Section 1.0 Purpose (Page 7): with the girt spacing of the North wall that is
Both the north and south walls are said to be used in the analysis. As shown in Figures
analyzed but the analysis only considers the 4.2-4 and 4.2-8, the maximum weld stresses ;
connection angle on the north wall, which is smaller TES for the 4x3 angle are concentrated at the BME TES
2 than the connection angle of the south wall. Why 11-23-15 lower ends of the welds and decreases’ 11-23-15 12-1-15
wasn't the south wall analyzed specifically? Does the significantly toward the upper end of the
north wall analysis bound the south wall? If so, add weld. This characteristic of weld stress
statement to the calculation (maybe best placed in the distribution remains true for the larger size
methodology section?). angle (5x3.5) and the peak stress will drop
slightly. As shown in Figure 4.2-5, maximum
weld stresses for the 4x3 angle significantly
exceed the failure limit. Thus, any slight
drop in weld stress will not invalidate the
conclusion of weld failure. A discussion will
be added for the South wall configuration.

Page 1 of 10
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Section 2.2.4 Assumptions (Page 9):
3 Does this create sufficient blow area to vent the TES LPI will document the corresponding blowout BME
Turbine Building per FSAR Amendment 25? Or do 11-23-15 |siding area in the calculation. 11-23-15 1-12-15
we need to consider smaller spacings?
This assumption is related to the yield
strength of the bolt material which is not
: - . known from hardness testing. Due to the
4 iyt okt heryaes s gt ok ok 667 11234 |Shortlength of the bols, this assumption s | 4 ZP5 | TES
' not critical. This was confirmed by initial trial
computer runs. The bolt double shear test
results will be included into the report.
Stress field in fillet welds is a complex
combination of axial, shear, and bending
stress__ T_herefore. failure strgss of fillet welds
Section 4.1 Nonlinear Load Step Analysis (Page 20): fa'_:ls w;th:n thet;ange of;ins;!gi bem:mg, and
5 Is there a reference document for the statement "weld TES pHe fal urerbs esstesi : 0e75a|1:ur? g rF;'_!SS BME
failure in general is postulated at some stress 11-23-15 |rengefor carbon steelis 0.75Fu (for shear) |, 449945 | 42:1.15

between these two limits"?

to 1.0Fu (for tension). In the present
analysis, the upper bound failure stress is
used to predict conservative higher failure
loads. Additional words will be added to
clarify this point.

Page 2 of 10
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The complete failure of the weld is followed
Section 4.3 Failure Mechanism (Page 29): by excessive rotation of the girt and bending
Does the weld failure mechanism ensure the panel stresses that are significantly over the
assemblies will be released from the Turbine TES ultimate strength. This causes failure of the BME TES
6 Building? The connection angles are not affected by 11.23-15 girt midspan section in bending and 11-23-15 12-1-15
the weld failure, and are still bolted to the girt. How subsequent sliding of the girt ends off the
do the angles release from the outer flange of the column flanges. Additional explanation is
structural steel columns after the welds fail? added into the analysis section to expand
upon this point.
Section 5.0 Summary & Conclusions (Page 32): TES BME TES
7 Failure mode 3 occurs after the welds failure (failure 11-23-15 The conclusions will be rewarded to clarify. 11-2315 12-1-15
mode 2). Failure modes 2 and 3 should be combined.
Section 5.0 Summary & Conclusions (Page 32): TES BME TES
8 State the pressure value that causes the stated failure 11-23-15 Will be included. 11-23-15 12-1-15
mechanisms.

Page 3 of 10
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NUMBER COMMENTS INIT/DATE RESPONSE INIT/DATE | INIT/DATE |CODE'
The analysis identifies two possible failure
mechanisms that are predicted to occur at
nominally same amount of loading. Noting
the variations in material properties and
stress concentration at bolt threads, ranking
Section 5.0 Summary & Conclusions (Page 32): one mechanism over the other is purely a
9 Can a more definitive conclusion be drawn from the TES theoretical issue and would not be of much BME TES
analysis? That is, can the controlling failure 11-23-15 | practical value. However, a discussion on 11-23-15 12-1-15
mechanism be determined? the potential additional strength from the
noted field weld could push the failure to
more likely the bolts, for those connections
that have the additional field weld.
Additional explanation will be added to
discuss this point.
Section 5.0 Summary & Conclusions (Page 45):
Both failure modes state that the panels will fail but Panel failure will be defined in the report
there is no definition of what pane! failure implies. TES FDEIQUIS Wi DE dEHRGm 1 IS [EP0F B8 BME TES
10 . : . A blowout of the panels as a result of failure of
Define panel failure as the physical deformation or 12-1-15 th s sbrchad P Bk 1/15/16 2-4-16
blowout of panels that releases the internal HELB R PACIESHNGIIE. AUPPOTE SYRTan.
pressure to the atmosphere.
: ) The sheet number on the drawing is not
Section 6.0 References (Page 46): TES 5 : BME TES
1 Is Reference 7c a typo? It should be sheet E106. 12-1-15 Leogéqllce}é he:gnest number Wil be-changed 1/15/16 2-4-16

Page 4 of 10
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The LPI report is not proprietary. However,
LPI requests that NPPD limit the distribution
12 Should this analysis be treated as LPI proprietary TES of the report in accordance with the purpose BME TES
information? 1-12-16 |itis intended for. The ANSYS files should 115/16 2-4-16
be shared only in connection with
investigation of the TB blowout panels.
fgg;’;g‘: (%ggtgzag;v ::?d“‘Bj’)‘_d HELB: Pressurs The dead weight was applied in the first load
In regards to the preceding comment, to satisfy isnteapsilds thil::?g';g:iloa?ns r&iﬁ;ggf“e{j
13 curiosity, were both the panel deadweight twisting TES Al ?ﬁe orderof ioag‘a ecition car e BME TES
moment (-10.06 Ibf-in) and the HELB twisting moment | 1-12-16 | g bidibudedelionn mﬂ‘: i 1/15/16 2-4-16
(14.12 Ibf-in) applied to the girt, or was the difference L'sﬁo pris : dent Th'sc': theiopr ot l
between the two (4.06 Ibf-in) applied? Either method s; gnce%?']oa o m'e i b L
would generate the same result. g N9 i

Page 5 of 10
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The amount of dead weight transferred from
the girt to the end connections is dependent
on the sag rod tightness (preload) and
stiffness. The effect of the dead weight is to
apply vertical load as well as twisting
moment due to the eccentric weight of the
panels. The dead weight twisting moments
oppose the twisting moment from the HELB
pressure. Also, note that the failure modes
Section 3.1 Analysis Methodology (Page 20): of the girt are controlled by failure of the end
In the Model 4 paragraph, please provide further connections. In Model 1, the dead weight
detail explaining how not accounting for dead load in reactions at the connections include HELB
Model 4, in contrast to Model 1 where dead load is TES lateral reaction force, HELB torsional BME TES
14 accounted for, bounds the cases. Itisn't entirely clear 11216 moment that is reduced by panel dead 1/15/16 2416

how accounting for dead load in one model and not
accounting for dead load in another model (two
different models with two different inputs) bounds the
analysis.

weight and vertical dead weight reaction
force. The torsional moment and lateral
force reactions have the greatest effect on
the connection. In Model 4, excluding the
dead weight increases the torsional moment
reaction at the connection and eliminates the
vertical reaction. Based on the condition of
the sag rods, the amount of the dead weight
transferred to the end connections is
between the two limits simulated in the
Model 1 and Model 4 analyses and therefore
the two models bounds possible scenarios
for dead weight effects.

Page 6 of 10
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Section 4.4 Girt Between Column Lines C&D (Page
43)
The cantilever span that is calculated is for girt 133B.
Girt 133A has a longer span (see drawing 9150 It will be stated in the input section that for
15 Sht133). The span length from column line D to the TES panels between column lines C and D, girt BME TES
near flange of column line C (or angle bolts) for girt 1-12-16 [ 133B is conservatively used in the analysis 1/15/16 2-4-16
133A is (6'4")+(6'4-1/2")+(6'-4-1/2")+(5'-7-1/4")-(2- since it is shorter than girt 133A.
1/2") = 24'-5-3/4". It is conservative to use the span
length for girt 133B for the entire bay, however it
should be stated that girt 133A is longer.
Section 4.7 Siding Blowout Area (Page 49 and 50):
The distance between column lines C and D should ;
16 be conservatively equal to the cantilever span for girt 1-1‘;5-316 I:: t;':aen:rljgrl;o;:zugirea will-hesypritad ko 1&?]56 2.-]:45-?6
133B, which is 22'-11-1/2". Update the total blowout pan.
area accordingly.
A statement will be added in the description
of Model 4 in Section 3.1 that says:"The girts
Section 5.0 Summary & Conclusions (Page 50): between column lines C and D on the south
Ensure the language is clear concerning which TES wall are types 133 H, V, and W. The BME TES
17 column lines on the north and south walls were 1-12-16 analysis of girt type 133B on the north wall 1/15/16 2.4-16
analyzed. The second paragraph needs to be bounds those types. Calculation of the
corrected. blowout area between column lines C and D
does not however consider the south wall for
conservatism.
18 Section 6.0 References (Page 51): TES The CMTR will be added to the list of BME TES
Add the structural steel CMTRs to the reference list. 1-13-16 |references. 111516 2-4-186

Page 7 of 10
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Section 6.0 References (Page 51):
Add Contract No. E-69-15, "Structural Steel for
Turbine Generator and Reactor Buildings and Intake TES : BME TES
19 |Structure”, Revision 11, Dated 7/11/69. This should | 1-13-16 |Reference will be added. 11516 2-4-16
be the reference for the bolts (ASTM A307) on page
12,
Section 6.0 References (Page 51): g i s
After a discussion with the knowledgeable mechanical The EDS report is cited because it includes
engineer on HELB, the reference to the EDS Report ::Il;n:m;‘rlasstt?g'r?gl;ottr?eoi'tl?rztgrEchBhg::;s;rgt'c
(reference 3) should be removed. In its place, please : : an
" TES nature of the HELB pressure. No design BME TES
reference Burns & Roe Inc. document "Computer P 9
% - . 1-13-16 |input is used from the EDS report. The 1/15/16 2-4-16

Analysis of CNS Multi-Compartment Pressure History:
Main Steam, Feedwater, and Extraction Line Breaks
in Turbine Building"”, Date:10-25-73 [Media (1) 08317-
1718, (2) 64158-1094]

Burns & Roe calculation will also be added
as a reference document, but the EDS
calculation should remain as a reference.

Page 8 of 10
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Section 2.2 Assumptions (Page 15):

Add the following figure (from DWG.4088 or
DWG.9150 Sht.E1086) to this page to help show the
connection of the girt at column line C on the north

wall.

AS Stown
9 OPP =AND
7 - GIRT SUPFORT BME TES

i=- N
1iiaqe |Frurewil beadded. 1/15/16 2-4-16

21

]
|

SECTION 54 -1514

SCALE : 3p%=i-8"
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The bolts in question are ASTM A-307
Grade A. The applicable strength and
chemistry requirements have not changed
significantly since the construction of the
: lant. The A-307 Grade A bolts are
Section 2.1.5 Input (Page 12): P ; : :
Is there a justification (standard) for accepting the standard fams thalt_t;:io ?Ot rqulrsfspec!?rll
22 testing of non-quality controlled material (the bolts) TES p[‘%cl:;?;%s :é'?;pﬁ‘!'nsi;u?; r;rt?e: t:ﬂ? d th = BME TES
that comes from a different batch than what is 1-14-16 goits b e it vl e IR T 2-4-16
installed, even though both are of the same . A 9 NIEe Me.OM O
speciiication? installation to current date. As such, the bolts
pe ' obtained from the warehouse at CNS for
testing are reasonably representative of
A307 bolts. Thus it is reasonable to
consider the tested “lot” would not differ
substantially from the installed bolts.

' See Step 5.6[6] for code definitions.

Page 10 of 10








































































































































































































































































