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SER-ESB-038 Rev.0

ESBWR Project

1. SCOPE

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.” Per NRC’s request, the data of the original truncated
model analysis were provided by Reference 1. However, after reviewing of the original data,
NRC requested to simplify and clarify the analysis data.

This report provides the load conditions and analysis model modified in accordance with
NRC’s request. NASTRAN analysis results for the modified load conditions are also
included 1n this report.

Major modifications on the analysis data are as follows.

a. Load conditions: Loads applied to the model are simplified.

b. Analysis model: The model is modified for the following portions.
e Increase of Spent Fuel Pool slab (Basemat) thickness

e Increase of cylindrical wall thickness at the half north side under the Suppression
Pool : ‘ ‘

e  Addition of radial walls under the Suppression Pool

2. Reference
1. SER-ESB-027 “Reactor Building/Fuel Buildings Truncated FE Model Analysis Data,”
Rev. 1
3. LOAD CONDITION
Analyses are performed for the following loads.
e Dead Load
o  Pressure Load (at 72 hr. after LOCA)
e Seismic Load
e Hydrostatic Load

The load conditions are summarized in Tables 3-1 through 3-5 and Figures 3-1 and 3-2.
Figure 3-3 shows the names and locations of the walls in the truncated FE model.

The evaluation methods of the applied loads are described in the following sections.

It should be noted that the applied loads described in this report mean those applied to the top
boundary nodes of the truncated model, i.e. boundary loads, unless noted otherwise.

In addition, loads are not applied to the cylindrical walls and radial walls under the
Suppression Pool, since these walls are not connected to the RCCV wall nor RPV pedestal

~ wall through normal rigid slabs. The walls are modeled to consider their constraint effects to
the basemat. ' '

Modified RBFB Truncated FE Model Analysis Data ) 2
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3.1 Dead Load

Dead loads applied to the model are evaluated based on the weight of the seismic stick model.
Weights of the RBFB, RCCV, and RPV pedestal in the seismic model are converted to the
uniform line loads as shown in Tables 3-6 through 3-8. For the RBFB walls, the weights are
distributed to each wall in proportion to its sectional area.

3.2 Seismic Load

3.2.1 Shear Force

Seismic shear forces are evaluated using the design seismic loads at the base of the buildings.
As shown in Table 3-9, the loads for the RBFB are applied to the box walls which are parallel
to the direction of the applied shear force. For the RCCV and RPV pedestal, loads are applied
to the half areas of the walls as described in Tables 3-10 and 3-11.

3.2.2 Overturning Moment

Seismic overturning moments are evaluated based on the design seismic loads. Since the
design overturning moment is defined at each floor level, the values at the top of the truncated
model are calculated by the equation shown in Table 3-12.

Overturning moments are applied as vertical coupling forces to the walls perpendicular to the
earthquake direction. Evaluation methods of the applied loads are shown in Tables 3-13
through 3-15.

3.2.3 Verfical Force

Applied loads for the vertical earthquake are determined using the maximum axial forces
obtained from seismic analyses. The loads are distributed to the wall in the same manner as
the dead load. Tables 3-16 through 3-18 summarize the calculation results of the vertical
seismic load. ' ’

33 Pressﬁre Load

Analysis is performed for the pressure load at the LOCA after 72 hr (45 psig = 0.31 MPa).
The loads are applied to the inside surface of the RPV pedestal and the top surface of the
Basemat as a uniform pressure load as shown Figure 3-1.

As the boundary loads at the top of model, the loads in the radial and vertical directions,
which are evaluated from the results of the global FE model analysis, are applied together

. with pressure loads. The loads are summarized in Table 3-19 and 3-20. The loads in the
hoop direction are not considered since they are negligibly small.

3.4 Hydrostatic Load

Hydrostatic load applied to the inside surfaces of Spent Fuel Pool walls and slab are shown in
- Figure 3-2. The boundary loads are calculated as shown in Table 3-21.

Modified RBFB Truncated FE Model Analysis Data . 3
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4. Modify Truncated Model

<Later>

5. Results of Analysis for Truncated model

<Later>

Modified RBFB Truncated FE Model Analysis Data ) 4
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Table 3-1 Summary of Dead Load
Components Wall Load Value | Direction
Name (MN/m) '
Axial RA -2.681 Vertical
RG -2.681 (+:Upward)
R1 -2.681
R7 -2.681
F3-1 -4.825
F3-2 . -2.681
Iw-R1 -1.340
Iw-R2 -1.340
Iw-R3 -1.340
Iw-R4 -1.340 -
Iw-F1 -2.346
Iw-F2 -2.010
Iw-F3 -2.010
Iw-F4 - -2.010
Iw-F5 -1.340
Iw-F6 -0.804
Iw-F7 -2.547
Iw-F8 -2.681
Iw-F9 -1.340
Iw-F10 -1.340
Iw-F11 -1.340
Iw-F12 -1.541
Iw-F13 -1.340
RCCV -5.329
Pedestal -4.245
Notel: These loads are applied to top of the wall shown in the table
Note2: For the locations of walls, see Figure 3-3.
Modified RBFB Truncated FE Model Analysis Data 5
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Table 3-2 Summary of Seismic Shear Force and Overturning Moment

Components Wall Load Value Direction
' Name (MN/m)
Shear RA 6.693 Horizontal
(N to Sy RG 6.693 (+:X)
‘RCCV_ns 4.226
Pedestal ns 4.719
Shear R1 6.687 Horizontal
(Wto E) - R7 6.687 *+Y)
F3-1 12.036
F3-2 6.687
RCCV_ew 5.096
Pedestal_ew 5.688 :
Moment R1 10.369 Vertical
(NtoS) - R7 -1.550 (+:Upward)
F3-1 -12.377
F3-2 -6.876
RCCV_ew 9.933
Pedestal ew | 9.847
Moment RA - -10.201 Vertical
(WtoE) RG , 10.201 (+:Upward)
RCCV_ns 13.142
Pedestal_ns 12.460

Notel: These loads are applied to top of the wall shown in the table
Note2: For the locations of walls, see Figure 3-3.

Modified RBFB Truncated FE Model Analysis Data
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Table 3-3 Summary of Seismic Vertical Force

Components Wall Load Value Direction
' Name (MN/m)
Vertical RA 1.248 Vertical
(Axial) RG 1.248 (+:Upward)
R1 1.248 '

R7 1.248

F3-1 2.247

F3-2 1.248

Iw-R1 0.624

Iw-R2 0.624

Iw-R3 0.624

Iw-R4 0.624

Iw-F1 1.092

Iw-F2 10.936

Iw-F3 0.936

Iw-F4 0.936

Iw-F5 0.624

Iw-F6 0.375

Iw-F7 1.186

Iw-F8 1.248

Iw-F9 0.624

Iw-F10 0.624

Iw-F11 0.624

Iw-F12 0.718

Iw-F13 0.624

RCCV 3.102

Pedestal 2.428

Notel: These loads are applied to top of the wall shown in the table
Note2: For the locations of walls, see Figure 3-3.

Modified RBFB Truncated FE Model Analysis Data ‘ 7
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Table 3-4 Summary of Pressure Load

Components Wall Load Value Direction
Name (MN/m)
Radial RCCV 0.309 Radial (Outward: +)
& 0.816 Vertical (+:Upward)
Vertical Pedestal 0.909 Radial (Outward: +)
-1.608 Vertical (+:Upward)

Notel: These loads are applied to top of the wall shown in the table.
Note2: Pressure loads applied to elements directly are shown in Figure 3-1.

Table 3-5 Summary of Hydrostatic Pressure Load

Components Wall Load Value | Direction:
Name (MN/m)

Horizontal RA 0.835 +Y
F3-1 0.835 +X
Iw-F2 -0.835 - +Y
Iw-F3 |- -0.835 +Y
Iw-F7 - -0.835 +X

Notel: These loads are applied to top of the wall shown in the table.
Note2: Hydrostatic pressure loads applied to elements directly are shown in Figure 3-2.

Modified RBFB Truncated FE Model Analysis Data
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Table 3-6 Evaluation of Dead Load for the RBFB
Load™ "Portion Direction Thickness™ Length™ Area Unit Load 17 Unit Load 2™

(MN) (t: m) ~(km) (A: m?) (MN/m?) (MN/m)
-1030.315 RA X 2.00 68.0 136.000 -2.681
RG X 2.00 68.0 136.000 2,681
R1 Y 2.00 47.0 94.000 -2.681
R7 Y 2.00 47.0 94.000 -2.681
F3-1- Y 3.60 16.6 59.760 | -4.825
F3-2 Y 2.00 30.4 60.800 . -2.681
Iw-R1 X 1.00 12.0 '12.000 ' -1.340
Iw-R2 X 1.00 12.0 12.000 ' © 21340
Iw-R3 Y 1.00 12.0 12.000 . -1.340
Iw-R4 Y 1.00 12.0 12.000 -1.340
Iw-F1 X 1.75 42 | 7350 . ‘ -2.346
Iw-F2 X 1.50 2.1 3.150 2,010
Iw-F3 X 1.50 12.9 19.350 -2.010
Iw-F4 X 1.50 8.1 12.150 , -2.010
Iw-F5 X 1.00 129 . 12.900 . -1.340
Iw-F6 X 060 | 168 10.080 -0.804
Iw-F7 Y 1.90 16.6 31.540 .| -2.547
Iw-F8 Y 2.00 4.1 8.200 . : -2.681
Iw-F9 Y 1.00 8.4 8.400 -1.340
Iw-F10 Y 1.00 5.5 © 5,500 -1.340
Iw-F11 Y 1.00 6.8 6.800 ' -1.340
Iw-F12' Y 1.15 5.5 6.325 ' -1.541
Iw-F13 Y 1.00 8.4 8.400 -1.340

Total - - - 768.705 -1.340 -

*1: Load is the same value as the stick model weight.

*2: Thickness and length are dimensions in the FE Model

*3: "Unit Load 1" is the load per unit area. Unit Load 1 = Load / Total A
*4: "Unit Load 2" is the load per unit length. Unit Load 2 = Unit Load 1 * t

Modified RBFB Truncated FE Model Analysis Data 9
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Table 3-7 Evaluation of Dead Load for the RCCV

Load™ Portion Direction Thickness Length™ Unit Load™
(MN) (t: m) (I: m) (MN/m)
-636.12 RCCV - 2.00 119.4 -5.329

*1: Load is the same value as the stick model weight.

*2: Length = 19.0 (Radius of the modeled RCCV wall) * 2 * n
- *3: "Unit Load" is the load per unit length. -Unit Load = Load /1

Table 3-8 Evaluation of Dead Load for the RPV Pedestal

Load™ Portion Direction Thickness Length™ Unit Load™
(MN) (t: m) (I: m) (MN/m)
-181.358- Pedestal - 2.40 427 -4.245

*1: Load is the same value as the stick model weight.

*2: Length = 6.8 (Radius of the modeled RPV pedestal) * 2 *
*3: "Unit Load" is the load per unit length. Unit Load = Load / |

Modified RBFB Truncated FE Model Analysis Data
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Ta_ble 3-9 Evaluation of the Seismic Shear Force for the RBFB

Seismic Load™ Portion Direction™ Thickness ™ Length™ Area Unit Load 17 Unit Load 2"
Direction (MN) (t: m) (I: m) (A:md) (MN/m?) (MN/m)
NtoS 910.26 RA X 2.00 68.0 136.000 6.693
RG X 2.00 - 68.0 136.000 6.693
Total - - - 272.000 3347 -
WtoE 1031.66 R1 Y 2.00 47.0 94.000 6.687
R7 Y 2.00 47.0 94.000 6.687
F3-1 Y 3.60 16.6 59.760 12.036
F3-2 Y 2.00 30.4 60.800 6.687
Total - - - 308.560 3.343 -
*1: Load is the design seismic shear force at the bottom of the RBFB Walls.

*2:
*3
*4.
;*5:

Walls in the same direction as seismic direction are considered.
: Thickness and length are dimensions on the FE Model

"Unit Load 1" is the load per unit area. Unit Load 1 = Load / Total A
"Unit Load 2" is the load per unit length. Unit Load 2= UnitLoad 1 *t

Table 3-10 Evaluation of the Seismic Shear Force for the RCCV -

Seismic Load™ Portion™ Direction Thickness Length™ Unit Load™
Direction (MN) (t: m) (I: m) (MN/m)
NtoS 252.230 RCCV_ns X 2.00 59.7 4.226
WioE 304.200 RCCV_ew Y 2.00 59.7 5.096

*1: Load is the design seismic shear force at the bottom of RBFB Wall.

*2: For the portion where the load is applied, see Figure 3-3.
*3: Length is evaluated as effective length. Length = 19.0 (Radius on the FE Model) * 2 * 1t /2
- *4: "Unit Load" is the load per unit length. Unit Load = Load /1

Table 3-11 Evaluation of the Seismic Shear Force for the RPV Pedestal

Seismic Load™ Portion" Direction Thickness Length™ Unit Load™
Direction - (MN) (t: m) (1: m) (MN/m)

NtoS 100.810 Pedestal_ns X 2.40 214 4.719

WtoE 121.510 Pedestal_ew Y 2.40 21.4 5.688

*1: Load is the design seismic shear force at the bottom of RBFB Wall.
*2: For the portion where the load is applied, see Figure 3-3.

*3: Length is evaluated as effective length. Length = 6.8 (Radius on the FE Modél) *2*m/2
*4: "Unit Load" is the load per unit length. Unit Load = Load /1

Modified RBFB Truncated FE Model Analysis Data
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Table 3-12 Moment of the Top of Truncated Model

Level Stick Model _ Moment” (MNm)
(m) EID NID 4 Dlrlzcstlon of Eart}l;qwuake

RBFB -6.4 : 101 Mi 29730 30230

-8.7 1101 M 31611 32602

-11.5 2 Mj 33900 35490

RCCV -6.4 201 Mi 9560 12720

-8.7 1201 . M 10142 13419

-11.5 2 Mj 10850 14270

RPV Pedestal -6.4 301 Mi 1056 1350

-8.7 1301 M 1288 1630

-11.5 2 Mj 1570 1970

Notel: Mi, Mj: design overturning moment
Note2: Moments (M) at EL-8.7m are applied as boundary loads.
The moment (M) is calculated from the following equation.

"EL -6.4 : o
(B2F) _(64-(-8.7) (Mj-M) .
(—6.4—(~11.5))
87 (M M
_23-(M-M)
| 5.1
-115
(B3F)

Modified RBFB Truncated FE Model Analysis Data ’ 12
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Table 3-13 Evaluation of the Seismic Moment for the RBFB

Seismic | Load™ Portion | Thickness™ | Length™ Area Distance (d0: m) C. of Stiff. Distance (d: m) Moment of Unit Loadl™® | Unit Load2”
Dir. | (MN-m) (t:m) - (I: m) (Arm?) | Rl~ea WallC. | fromR! (m)™* | C.ofStiff~Wall C. | Inertia (I: m")™ | (MN/m*m) (MN/m)
NtoS 31611 R1’ 2.00 47.0 94.000 0.00 40.887 157144 10.369
R7 2.00 47.0 94.000 47.00 -6.113 3513 -1.550
F3-1 3.60 16.6 59.760 68.00 -27.113 43931 -12.377
F3-2 2.00 304 60.800 68.00 -27.113 44695 -6.876
‘ Total - - 308.560 40.887 249282 0.127
WtoE 32602 RA 2.00 68.0 136.000 47.00 -23.500 75106 -10.201
RG 2.00 68.0 136.000 0.00 _ 23.500 75106 10.201
Total - - 272.000 23.500 150212 0.217
*1: Refer to Table 3-12.
*2: Orthogonal direction walls to seismic direction are considered.
*3: Thickness and length are dimensions on the FE Model.
*4: Center of Stiffness = S(A*d0)/Total A
*5: Moment Inertia = A * d°
*6: Unit Loadl = Load / Total 1
*7: Unit Load2 = Unit Load] *t* d
Modified RBFB Truncated FE Model Analysis Data 13
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Table 3-14 Evaluation of the Seismic Moment for the RCCV

Seismic Load™ Portion Direction Model Radius Unit Load™

Direction (MN-'m) (r: m) (g: MN/m)
NtoS 10142 RCCV_ew Y 19.00 9.933
WtoE 13419 RCCV_ns X 19.00 13.142

*1: Refer to Table 3-12.
*2: Unit Load = Load / (2 * 20.5 * r2) (Refer to following the figure.)

Table 3-15 Evaluation of the Seismic Moment for the RPV Pedestal

2
M=ZE g-r-sin@-r-do

=2\/§-q-r2

Seismic Load" Portion Direction Model Radius Unit Load™

Direction (MN-m) (r: m) {g: MN/m)
NtoS 1288 Pedestal_ew Y 6.80 9.847
WtoE 1630 Pedestal_ns X 6.80 12.460

*1: Refer to Table 3-12.
*2: Unit Load = Load / (2 * 20.5 * r2) (Refer to the figure in Table 3-14.)

Modified RBFB Truncated FE Model Analysis Data
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Table 3-16 Evaluation of the Seismic Vertical Force for the RBFB

Load™ Portion Direction Thickness™ Length™ Area Unit Load 1™ Unit Load 2™
(MN) ' ’ (t: m) (1: m) (A:m?) (MN/m?) (MN/m)
479.840 RA X 2.00 68.0 136.000 : 1.248
RG X 2.00 68.0 136.000 1.248
Rl Y 2.00 47.0 94.000 1.248
R7 Y 2.00 47.0 94.000 1.248
F3-1 Y 3.60 16.6 59.760 , 2247
F3-2 Y 2.00 30.4 60.800 1.248
Iw-R1 X 1.00 12.0 12.000 . 0624
Iw-R2 X 1.00 120 .| 12.000 0.624
Iw-R3 Y 1.00 12.0 12.000 0.624
Iw-R4 Y 1.00 12.0 12.000 " 0.624
Iw-F1 X 1.75 4.2 7.350 1.092
Iw-F2 X 1.50 2.1 3150 | 0.936
Iw-F3 X 1.50 12.9 19.350 0.936
" Iw-F4 X 1.50 8.1 12.150 0936
Iw-F5 X 1.00 C 129 12.900 0.624
Iw-F6 X 0.60 16.8 10.080 , 0.375
Iw-F7 Y "1.90 166 | 31540 |- 1.186
Iw-F8 Y 2.00 4.1 8.200 1.248
Iw-F9 Y 1.00 8.4 8.400 ' 0.624
Tw-F10 Y 1.00 55 5.500 0.624
Iw-F11 Y 1.00 6.8 6.800 0.624
Iw-F12 Y 1.15 55 | 6325 | 0.718
Iw-F13 Y 1.00 8.4 8.400 : 0.624
Total - - - 768.705 0.624 -

~ *1: Load is the maximum axial force of dynamic analysis by the stick model.
*2: Thickness and length are dimensions on the FE Model
*3: "Unit Load 1" is the load per unit area. Unit Load 1 = Load / Total A
*4: "Unit Load 2" is the load per unit length. Unit Load 2=Unit Load 1 * t.

Modified RBFB Truncated FE Model Analysis Data ' 15
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Table 3-17 Evaluation of the Seismic Vertical Force for the RCCV

Load™ Portion Direction Thickness Length'2 Unit Load™
(MN) (t: m) (I: m) (MN/m)
370.300 RCCV - 2.00 119.4 3.102

*1: Load is the maximum axial force obtained from the stick model seismic analysis.
*2: Length = 19.0 (Radius on the FE Model) * 2 * n.
*3: "Unit Load" is the load per unit length. Unit Load = Load / |

Load™ Portion Direction Thickness Length™ Unit Load™
(MN) (t: m) (1: m) (MN/m)
103.750 Pedestal - 2.40 42.7 2428

Table 3-18 Evaluation of the Seismic Vertical Force for the RPV Pedestal

*1: Load is the maximum axial force obtained from the stick mode] seismic analysis.
*2: Length = 6.8 (Radius on the FE Model) *2 * n

*3: "Unit Load" is the load per unit length. Unit Load = Load /|

Table 3-19 -Evaluation of the Pressure Load for the RCCV

Average Force (MN/node) Nodal Tributary Unit Load (MN/m)
Radial Vertical Length (L: m) Radial Vertical
0.768 2.031 2.487 0.309 0.816

Notel: Average Forces are calculated from nodal force at EL -8.7m of the global FE model analysis
Note2: L = 19.0(Radius of the modeled RCCV wall) * 2 * 1 / 48(nodes)
Note3: Unit Load = [Average Force] /L

Table 3-20 Evaluation of the Pressure Load for fhe RPV Pedestal
Average Force (MN/node)

Nodal Tributary Unit Load (MN/m)

Length (L: m)

Radial " Vertical Radial -Vertical

0.809 -1.432 10.890

0.909 -1.608

Notel: Averagé Forces are calculated from nodal force at EL -8.7m of the global FE model analysis
Note2: L = 6.8(Radius of the modeled RPV pedestal) * 2 * nt / 48(nodes)
Note3: Unit Load = [Average Force] /L

Modified RBFB Truncated FE Model Analysis Data 16
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Table 3-21 Evaluation of the Hydrostatic Pressure Load for the Spent Fuel Pool

Spent Fuel Pool Truncated Model
Top Bottom Depth Model Top Depth above Model Boundary Load”
(EL. m) (EL. m) (m) (EL. m) d (m) - L (MN/m)
435 -10.00 14.35 -8.7 13.05 0.835

*: Boundary Load is calculated following equation. (Refer to Figure 3-2.)
L=1.0(t/m3)*d/9.807 *d/2

Modified RBFB Truncated FE Model Analysis Data
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Figure 3-1 Pressure Load Applied to the RCCV Wall and the Basemat at 72 hr.
after LOCA '
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Figure 3-2 Hydrostatic Load Applied to the Spent Fuel Pool Walls and the Basemat
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Figure 3-3 Wall Information of Truncated Mode
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