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1. Outline

At NRC's audit on the ESBWR DCD RAI 3.8, NRC requested GE to provide the data needed
to perform their verification analyses using a truncated Reactor Building and Fuel Building
(RB/FB) Finite Element (FE) model.

This document provides the data requested by NRC.

2. Provided Data

The analysis model provided is truncated from the RB/FB global FE model shown in
Figure 1. The truncated model is shown in Figure 2. The model includes the RBFB basemat
including soil springs and the half of B3F walls.

As for loads, the data needed to perform analyses for the following five loads are provided.

* Dead Load

* Drywell Unit Pressure Load

* Horizontal Seismic Load in N-S Direction

* Horizontal Seismic Load in E-W Direction

* Vertical Seismic Load

For the load data, not only the data of loads directly applied to the model but the loads applied
to the boundary nodes, i.e., the nodes located at the top of the model, which are necessary to
reproduce the same stress conditions as global model analyses, are prepared. In addition to
the load data, boundary displacement data, which have the same functions as the loads applied
to the boundary nodes, are also provided.

Provided data are included in the following appendices.

Appendix A: NASTRAN Analysis Data

Appendix B: NASTRAN,4 Analysis Results

Appendix C: Concrete outline drawings

Appendix D: Verification of truncated model analysis data
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Figure 1 RBIFB Global FE Analysis Model
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Figure 2 RB/FB Truncated FE Analysis Model
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Appendix A NASTRAN Analysis Input Data

Contents of NASTRAN input data provided are summarized in Tables A-I through A-3.

In Tables A-2 and A-3, "Boundary Load Analyses" means the analyses in which loads are

applied to the boundary nodes, i.e., the nodes located at the top of the model, and "Boundary

Displacement Analyses" means the analyses in which displacements are applied to the

boundary nodes.

Boundary loads and displacements are listed in the following Excel files. They are defined in

the global Cartesian coordinate system shown in Figure 2.

* BoundaryLoad.xls

* BoundaryDisp.xls

FE meshes of the global FE model are shown in Figures A-I through A-19 for the structures

which are included in the truncated FE model.

NASTRAN model data for full model are shown in Tables A-4.

Table A-I NASTRAN Model Data Files

flow to Building Data (External File)

apply Data File note

always cood Coordinate System Definition
(common) node truncated.txt Grid points (Building)

soil node.prn Grid points (Soil)

elem truncated.txt Shell and bar elements

rbartruncated.txt Rigid bar

pshell truncated.txt Properties of shell elements.

ipbar truncated.txt Properties of bar elements.

mat truncated.txt Material properties

Soil Spring lelaso.prn Soil spring for vertical loads

lelass.pmI Soil spring for horizontal loads

Reactor Building/Fuel Buildings Truncated FE ModelAnalysis Data 5
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Table A-2 NASTRAN Load Data Files for Boundary Load Analyses

Load Namne NASTRAN Label Load jLoad Data (External File) _ _____Boundary Data (Externtal File) Model Data*
Lod am FTie D, L "Unt Load ID Load Data File note SPCI Load Data File note ISoil S n other

Dead 1010 grav.txt Modeled main structure's weight

1100 nd_Itrrocated pm Miscellaneous Structure weight
110 0 r'mlintunmcaet LnrWegt(xet C-VLnr

DLaforce dat DLO I00 1100 - - ed pm Liner Weight (except RCCV Lin;) _ 100 DL.force pm r Boundary force at Dead Load etaso pm cornmon1100 el.trtaucated txt Equipment Load

1100 IItruncatedtxl Hydrostatic Load

-1100 O l1trrncatedtxt Finishing Load, Additional Concrete Weight. etc.

Pressure PDW forcedat JPDW 31 3010 pltruncatedtxt Drywell unit area load (IMPa) 100 PDW_fnrcepm Boundary force at Pressure Load elasnopm corramin
Seismnic EQNS..force dat [EQNS 811 silo shearNS..trmneted txt Shear Forcee(x; NS) too EQNS force pm B~oundary force a tSeisrric Load (NS)

82 1 0 effre x_tr vrncaed txt Overturning lM om rent (x; NS) la 3ss P roS ei m ic3 1 0 s;h ea r N S tru n ca t ed t 'it S h e a r F o rc e ( x; N S) 1 0 0 : rr o

EQEW force.dat EQEW 312 EQNS force pm Boundary force at Seisrnic Load (EW)
8220 erty_truncatedtxt Overturning Mont (y-; EW)

EQZ~force.dat EQZ 820 3400 vertical tntcatedtxt Vertical 100 EQZ force pm Boundary force at Seismic Load (Vert) elaso pm
Refer to Table A-I.

Table A-3 NASTRAN Load Data Files for Boundary Displacement Analyses

Load Namne ~NASTRAN ILabel Lend Load Data (External File) _ ___Boundary Data (Esternal File) Model Data*
Input File ITD Unit Load ID ] Load Data File Inote SP S D I Lund Data File note soil Spnnin other

Dead 1010 grav.txt Modeled main structurees Tight

1100 ml .truncated pm Miscellaneous structure weight
DL.disp.dat DLO 100 1100 ml ha truncated pm Liner Weight (except RCCV Liner) 100 DL.spc txt Boundary Enforced Displacement at Dead Load elas-o pm corron

1100 ell truncated txt Equipment Load

1100 fl_truncated txt Ilydrostatic Load

1100 ol truncated txt Finishing Load. Additional Concrete Weight. etc.
Pressure PDWdisp.dat PDW 31 3010 pl truncated.tst Drywell unit area load (IMPa) 100I PDW spc.txt Boundary Enforced Displacement at Pressure Load elaso pm common
Seisnac silo shearNS-truncated tx Shear Force (x; NS) 100

EQNS.disp.dat EQNS 31I
S210 nem truncated txt Overturning Moment (x; NS) Q pasxs pBeJ 3120 'shearEW trruocated txt ShenrForce (y; EW) 100 lsnpEQEW disp.dat EQEW 312 S120 enrE_truncated txt Overrn o me n ( v; EW ) 1 EQEW-spc.txt Boundary Enforced Displacureont at Seismic Load (E\V)

EQZZdisp.dat EQZ 820 8400 vertical truncated txt Vertical 100 EQZ.spc txt Boundary Enforced Displacerment at Seismic Load (Vert) elas3o pm
Refer to Table A-I.

Reactor BUildinglFuel Buildings Truncated FE Model Analysis Data 6
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Table A-4 NASTRAN Model Data Files for Full Model

flow to Building Data (External File) Internal Structure (External File)
aply Data File note Data File [ note

al•ays cood Coordinate System Definition,

(common) node.sele.txt Grid points (Building)

soilnode.prm Grid points (Soil)

elem all.txt Shell, bar, and rod elements

rbar.txt Rigid bar hitachi-model_1 0+mat_2.dat All Data

pshell.txt Properties of shell elements.

pbar.txt Properties of bar elements.

prod.txt Properties of rod elements.

mat o.txt Material properties

Soil Spring elas.os.pm Defines soil spring for vertical loads

elaso.pr Defines soil spring for horizontal loads

Reactor Building/Fuel Buildings Truncated FE ModelAnalysis Data 7
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Appendix B NASTRAN Analysis Results

NASTRAN output files provided are summarized in Table B-1.

Element forces and moments obtained from each analysis are shown in the following Excel

files.

* EachCaseBoundaryLoad.xls

* EachCaseBoundaryDisp.xls

Element forces and moments which are obtained by the combination of all analysis results are

shown in "Combined.xls."

Element forces and moments listed in the Excel files are defined with relation to the element

coordinate system shown in Figure B-1.

Table B-1 NASTRAN Output File

File Name Type of Analysis Load

DLforce.f06 Boundary Load Dead Load

PDWforce.f06 Boundary Load Drywell Unit Pressure

EQNS-force.f06 Boundary Load Horizontal Seismic Load in N-S Direction

EQEW~force.f06 Boundary Load Horizontal Seismic Load in E-W Direction

EQZ~force.f06 Boundary Load Vertical Seismic Load

DL-disp.f06 Boundary Displacement Dead Load

PDWdisp.f06 Boundary Displacement Drywell Unit Pressure

EQNS-disp.f06 Boundary Displacement Horizontal Seismic Load in N-S Direction

EQEW-disp.f06 Boundary Displacement Horizontal Seismic Load in E-W Direction

EQZ~disp.f06 Boundary Displacement Vertical Seismic Load

Reactor Building/Fuel Buildings Truncated FE Model Analysis Data 27



MFN 06-262 Supplement 1 Enclosure 1

SERoESB-027 Rev.1I

ESBWR Project

Membrane and Shear Forces

/ Y

z Mx,

Moments

Definition of Element Coordinate System

Structure x y z

RCCV Wall
RPV Pedestal horizontal vertical outward
External Wall

Wall in N-S Direction horizontal vertical toward West

Wall in E-W Direction horizontal vertical toward South

Foundation Mat
Floor Slab toward South toward West downward
Top Slab

Suppression Pool Slab radial circumferential downward

Figure B-1 Force and Moment in Shell Element
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Appendix C Concrete Outline Drawings

Concrete outline drawings are shown as follows.

Figure C-1 Floor Plan at EL -11500 .................................................................... 30

Figure C-2 Floor Plan at EL -6400 ...................................................................... 31

Figure C-3 Floor Plan at EL -1000 ...................................................................... 32

Figure C-4 Floor Plan at EL 4650 ....................................................................... 33

Figure C-5 Floor Plan at EL 9060 ....................................................................... 34

Figure C-6 Floor Plan at EL 13570 ....................................................................... 35

Figure C-7 Floor Plan at EL 17500 ....................................................................... 36

Figure C-8 Floor Plan at EL 27000 ....................................................................... 37

Figure C-9 Floor Plan at EL 34000 .................................................................... 38

Figure C-10 Section Looking East ....................................................................... 39

Figure C-11 Section Looking North .................................................................... 40
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Appendix D Verification of Truncated Model Analysis Data

In order to verify the correctness of the truncated model analysis data, their analysis results

are compared with the results of the RBFB global FE model analyses. They are shown in

Figures D-1 through D-20. Comparisons are performed for the bottom elements of the

following structures.

* Cylindrical wall below RCCV wall

" RPV pedestal

* Exterior wall on RA column line

* Exterior wall on R7 column line

Results of truncated model analyses agree well with those of the global model analyses.

Therefore, it can be concluded that the analysis data of the truncated model are prepared

correctly.
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Figure D-l (a) Comparison of Section Forces and Moments
(Cylindrical Wall below RCCV Wall: Dead Load)
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Figure D-1(b) Comparison of Section Forces and Moments
(Cylindrical Wall below RCCV Wall: Dead Load)
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Figure D-1(c) Comparison of Section Forces and Moments
(Cylindrical Wall below RCCV Wall: Dead Load)
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Figure D-l(d) Comparison of Section Forces and Moments
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Figure D-2(b) Comparison of Section Forces and Moments
(RPV Pedestal: Dead Load)
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Figure D-3(c) Comparison of Section Forces and Moments
(Exterior Wall on RA Column Line: Dead Load)
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Figure D-3(d) Comparison of Section Forces and Moments
(Exterior Wall on RA Column Line: Dead Load)
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Figure D-4(a) Comparison of Section Forces and Moments
(Exterior Wall on R7 Column Line: Dead Load)
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Figure D-4(b) Comparison of Section Forces and Moments
(Exterior Wall on R7 Column Line: Dead Load)
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Figure D-5(a) Comparison of Section Forces and Moments
(Cylindrical Wall below RCCV Wall: Drywell Unit Pressure)
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Figure D-5(b) Comparison of Section Forces and Moments
(Cylindrical Wall below RCCV Wall: Drywell Unit Pressure)
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Figure D-5(c) Comparison of Section Forces and Moments
(Cylindrical Wall below RCCV Wall: Drywell Unit Pressure)
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Figure D-5(d) Comparison of Section Forces and Moments
(Cylindrical Wall below RCCV Wall: Drywell Unit Pressure)
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Figure D-6(a) Comparison of Section Forces and Moments
(RPV Pedestal: Drywell Unit Pressure)
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Figure D-6(b) Comparison of Section Forces and Moments
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Figure D-6(c) Comparison of Section Forces and Moments

(RPV Pedestal: Drywell Unit Pressure)
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Figure D-7(a) Comparison of Section Forces and Moments
(Exterior Wall on RA Column Line: Drywell Unit Pressure)
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Figure D-7(b) Comparison of Section Forces and Moments
(Exterior Wall on RA Column Line: Drywell Unit Pressure)
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(Exterior Wall on RA Column Line: Drywell Unit Pressure)

Reactor Building/Fuel Buildings Truncated FE Model Analysis Data 68Reactor BUildinglFUel Buildings Truncated FE Model Analysis Data 68



MFN 06-262 Supplement 1 Enclosure 1

SER-ESB-027 Rev.1

ESBWR Project

Ex. Wall RA&FA

6.0E-2

4.OE-2

- G--l-obal Model Qx

Enforced Disp Qx

-- Bounidary Force Qx f

2.0E-2
jr

O.OE+O 16- -- -4v, ESBWR Proec
"/ I IF

-4.0E-2

-6.OE-2
-25 -25 '5 25 35 45

-15 -5 5 15 25 35 45

Coordinate (X; m)

(g) Transverse Shear in Horizontal Direction

Ex Wall RA&FA

2ý(0E+O

.0E-+0

-2.0E+O

-4.0 E+O

-6.0E+0

-8 OE+0

- IOE+l

.-0

/

-- Gobal Model Qy4

--41-- Enforced Dsp Qy 4

-- Boundary Forc Qy

-2 ' 5' 2" 5 35 4

-25 -15 -5 5 15 25 35 45

Coordinate (X; mn)

(h) Transverse Shear in Vertical Direction

Figure D-7(d) Comparison of Section Forces and Moments
(Exterior Wall on RA Column Line: Drywell Unit Pressure)
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Figure D-8(a) Comparison of Section Forces and Moments
(Exterior Wall on R7 Column Line: Drywell Unit Pressure)
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Figure D-8(b) Comparison of Section Forces and Moments
(Exterior Wall on R7 Column Line: Drywell Unit Pressure)
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Figure D-8(c) Comparison of Section Forces and Moments
(Exterior Wall on R7 Column Line: Drywell Unit Pressure)
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Figure D-8(d) Comparison of Section Forces and Moments
(Exterior Wall on R7 Column Line: Drywell Unit Pressure)
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Figure D-10(a) Comparison of Section Forces and Moments
(RPV Pedestal: Horizontal Seismic Load in N-S Direction)
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Figure D-10(b) Comparison of Section Forces and Moments
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Figure D-12(a) Comparison of Section Forces and Moments
(Exterior Wall on R7 Column Line: Horizontal Seismic Load in N-S Direction)
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(Exterior Wall on R7 Column Line: Horizontal Seismic Load in N-S Direction)
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Figure D-1 3(a) Comparison of Section Forces and Moments
(Cylindrical Wall below RCCV Wall: Horizontal Seismic Load in E-W Direction)

Reactor Building/Fuel Buildings Truncated FE Model Analysis Data 90



MFN 06-262 Supplement 1 Enclosure 1

SER-ESB-027 Rev. 1

ESBWR Project

RCCV

z

8.OE+

6.OE+

20OE+

0.OE+

-2,0E+

-4.0E+

-6.01+,

-8.0E

•o

•o

or

Oj• •

0--

-- Oobal Model Nxy

D --41--EnforcedDispNxy

>- Boundary Force Nxy
•0

0 30 60 90 120 ]50 180 210 240 270 300 330 360

Coordinate (Theta degree)

(c) In-plane Shear

RCCV

-4--- Gobal Model Mxy

-- a- Enforced Disp Mxy

Boundary For"e Mxy

B

I 0E-I

5,0E-2

OOE+0

-5.0E-2

-l .OE-1

-1.5E-I
0 30 60 90 120 150 180 21

Coordinate (Theta; degree)

0 240 270 300 330 360

(d) Torsional Moment

Figure D-13(b) Comparison of Section Forces and Moments
(Cylindrical Wall below RCCV Wall: Horizontal Seismic Load in E-W Direction)
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Figure D-13(d) Comparison of Section Forces and Moments

(Cylindrical Wall below RCCV Wall: Horizontal Seismic Load in E-W Direction)
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Figure D-15(d) Comparison of Section Forces and Moments
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Figure D-16(a) Comparison of Section Forces and Moments

(Exterior Wall on R7 Column Line: Horizontal Seismic Load in E-W Direction)
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Figure D-16(b) Comparison of Section Forces and Moments
(Exterior Wall on R7 Column Line: Horizontal Seismic Load in E-W Direction)
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Figure D-17(a) Comparison of Section Forces and Moments
(Cylindrical Wall below RCCV Wall: Vertical Seismic Load)
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Figure D-17(b) Comparison of Section Forces and Moments
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Figure D-17(c) Comparison of Section Forces and Moments
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Figure D-17(d) Comparison of Section Forces and Moments
(Cylindrical Wall below RCCV Wall: Vertical Seismic Load)
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Figure D-18(a) Comparison of Section Forces and Moments

(RPV Pedestal: Vertical Seismic Load)
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Figure D-18(b) Comparison of Section Forces and Moments
(RPV Pedestal: Vertical Seismic Load)
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Figure D-18(c) Comparison of Section Forces and Moments
(RPV Pedestal: Vertical Seismic Load)
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Figure D-18(d) Comparison of Section Forces and Moments
(RPV Pedestal: Vertical Seismic Load)
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Figure D-19(a) Comparison of Section Forces and Moments
(Exterior Wall on RA Column Line: Vertical Seismic Load)
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Figure D-19(b) Comparison of Section Forces and Moments
(Exterior Wall on RA Column Line: Vertical Seismic Load)
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Figure D-19(c) Comparison of Section Forces and Moments
(Exterior Wall on RA Column Line: Vertical Seismic Load)
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Figure D-19(d) Comparison of Section Forces and Moments
(Exterior Wall on RA Column Line: Vertical Seismic Load)
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Figure D-20(a) Comparison of Section Forces and Moments
(Exterior Wall on R7 Column Line: Vertical Seismic Load)
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Figure D-20(b) Comparison of Section Forces and Moments
(Exterior Wall on R7 Column Line: Vertical Seismic Load)
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Figure D-20(c) Comparison of Section Forces and Moments

(Exterior Wall on R7 Column Line: Vertical Seismic Load)
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Figure D-20(d) Comparison of Section Forces and Moments
(Exterior Wall on R7 Column Line: Vertical Seismic Load)
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