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3NN MODEL PROPERTIES AND SEISMIC ANALYSIS RESULTS FOR 
R/B-PCCV-CONTAINMENT INTERNAL STRUCTURE

3NN.1 Introduction

This Appendix documents the SASSI site-specific analysis of the US-APWR 
prestressed concrete containment vessel (PCCV), containment internal structure, 
and reactor building (R/B) including the fuel handling area (FH/A) of Comanche 
Peak Nuclear Power Plant Units 3 and 4.

As stated in Subsection 3.7.2.4.1, site-specific soil-structure interaction (SSI) 
analyses are performed to validate the US-APWR standard plant seismic design, 
and to confirm that site-specific SSI effects are enveloped by the lumped 
parameter SSI analysis described in Subsection 3.7.2.4. The SASSI computer 
program (Reference 3NN-1) serves as a computational platform for the 
site-specific SSI analysis. SASSI is used to model the overall stiffness and mass 
inertia properties of the R/B-PCCV-containment internal structure and the 
following SSI site-specific effects:

• Layering of the rock subgrade.

• Foundation flexibility.

• Embedment of the foundation and layering of backfill material.

• Scattering of the input control design motion.

The SASSI program provides a frequency domain solution of the SSI model 
response based on the complex response method and finite element (FE) 
modeling technique. The SASSI analyses of the US-APWR standard plant employ 
the subtraction method of sub-structuring to capture the above-listed SSI effects. 
Due to the low seismic response at the Comanche Peak site and lack of 
high-frequency exceedances, the spatial variation of the input ground motion is 
deemed not significant. Therefore, the SASSI analyses do not consider 
incoherence of the input control motion. 

This Appendix documents the SASSI analysis of the R/B-PCCV-containment 
internal structure and demonstrates that the in-structure response spectra (ISRS) 
developed from the SASSI analysis results are enveloped by the standard plant 
seismic design.

3NN.2 Seismological and Geotechnical Considerations

The R/B-PCCV-containment internal structure of Units 3 and 4 will be constructed 
on a rock subgrade by removing the native soil above the top of the limestone 
layer with shear wave velocity exceeding 5000 fps that is located at nominal 
elevation of 782 ft. A thin layer of fill concrete will be placed on the top of the 
limestone to level the surface below the building basemat established at nominal 
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elevation of 783 ft.-2 in. Fill concrete will be also placed below the surface mat 
located at the north-east corner of the FH/A and under the central portion of the 
mat underneath the PCCV. The foundation will be backfilled with a 40 ft. thick 
layer of engineered fill material to establish the nominal elevation of the plant 
ground surface at 822 ft. 

Besides the best estimate (BE) values, the site-specific analyses address the 
variation of the subgrade properties by considering lower bound (LB) and upper 
bound (UB) properties. The LB and UB properties represent a coefficient of 
variation (COV) on the subgrade shear modulus of 0.69. The typical properties for 
a granular engineered backfill are adopted as the BE values for the dynamic 
properties of the backfill. Four profiles, LB, BE, UB, and high bound (HB) of input 
backfill properties are developed for the SASSI analyses considering the different 
coefficient of variation. The LB and BE backfill profiles are combined with 
corresponding LB and BE rock subgrade profiles, and the UB and HB backfill 
profiles are combined with the UB rock subgrade profile. The profiles address the 
possibility of stiffer backfill, and the project specifications limit the minimum shear 
wave velocity of the backfill material to 600 ft/s for 0 to 3 ft. depth, 720 ft/s for 3 to 
20 ft. depth, and 900 ft/s for 20 to 40 ft. depth. Table 3NN-1 presents the COV on 
shear modulus used for development of different soil profiles.  

The engineered backfill is not placed underneath the R/B-PPCV-Containment 
Internal Structure common basemat (or underneath any other seismic Category I 
or II structure foundations), and therefore is not used as “dental” fill. Further, the 
engineered backfill is not relied upon for lateral support of the building structure. 
Therefore, it is anticipated that shear wave velocity testing for verification of the 
above-cited limits will not utilize a test fill prior to placement of the backfill. 
Resonant column torsional shear testing (RCTS) is not required, and shear wave 
velocity testing during construction is also not required. Instead, testing 
requirements for backfill include routine pre-construction (pre-installation) 
mechanical and index testing to perform traditional quality control testing on 
physical characteristics (such as grain size, compaction, moisture content, lift 
thickness, etc), and in-situ shear wave velocity testing performed post 
construction. Subsection 2.5.4.5.4 discusses further backfill material and 
applicable quality control measures.

Due to the small intensity of the seismic motion and the high stiffness of the rock, 
the SSI analyses use rock subgrade input properties derived directly from the 
measured low-strain values, i.e., the dynamic properties of the rock subgrade are 
considered strain-independent (Refer to FSAR Subsection 2.5.2.5.2.1 for further 
discussion). The SSI analyses use input stiffness and damping properties of the 
backfill that are compatible to the strains generated by the design input motion. 
The strain-compatible backfill properties are obtained from site response analyses 
of the four backfill profiles using two horizontal acceleration time histories 
compatible to the GMRS that are applied as outcrop motion on the surface of the 
rock subgrade at nominal elevation of 782 ft. The degradation curves presented in 
Figure 2.5.2-232, which are derived based on standard EPRI shear modulus 
reduction and damping curves for granular fill, were used to model the properties 
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of the backfill, which are non-linear. The curves’ values of the soil shear modulus 
and the damping as a function of shear strain are listed in Table 2.5.2-227.

ACS SASSI SOIL calculated strain-compatible fill properties using 65% of the 
peak strain value for selection of effective soil strain. The results for the 
strain-compatible backfill properties obtained from the two horizontal site 
response analyses are averaged to obtain the backfill profiles used as the input 
for the site-specific SSI analyses. 

The compression or P-wave velocity is developed for the rock and the backfill 
from the strain-compatible shear or S-wave velocity (Vs) and the measured value 
of the Poisson’s ratio by using the following equation: 

The SSI analyses use identical values for the shear S-wave and compression 
P-wave velocity damping. Figure 3NN-1, Figure 3NN-2 and  Figure 3NN-3 
present, respectively, the rock subgrade LB, BE and UB profiles for shear (S) 
wave velocity (Vs), compression (P) wave velocity (Vp) and material damping. 
Figure 3NN-4, Figure 3NN-5 and Figure 3NN-6 present in solid lines the results of 
the site response analyses for the profiles of strain-compatible backfill properties. 
The plots also show with dashed lines the backfill profiles that were modified to 
match the geometry of the mesh of the SASSI basement model. The presented 
input S and P wave profiles are modified using the equal arrival time averaging 
method. Table 3NN-16 provides the strain-compatible backfill properties, used for 
the SASSI analysis for LB, BE, UB, and HB embedment conditions.

The minimum design spectra, tied to the shapes of the certified seismic design 
response spectra (CSDRS) and anchored at 0.1g, define the safe-shutdown 
earthquake (SSE) design motion for the seismic design of category I structures 
that is specified as outcrop motion at the top of the limestone at nominal elevation 
of 782 ft. Two statistically independent time histories H1 and H2 are developed 
compatible to the horizontal design spectrum, and a vertical acceleration time 
history V is developed compatible to the vertical design spectrum. The time step 
of the acceleration time histories used as input for the SASSI analysis is 0.005 
seconds. The SASSI analysis requires the object motion to be defined as 
within-layer motion. The outcrop horizontal time histories are used directly as 
input for the SASSI analyses of surface foundations applied at the FIRS bottom of 
foundation elevation. The analyses of embedded foundation use “within” motion 
input time histories that are also applied at the FIRS input elevation. The “within” 
motions are obtained from a set of site response analyses, separate from these 
documented in Subsection 2.5.2, that are performed on a soil column consisting 
of the rock subgrade and the backfill, for purposes of embedded foundation SSI 
analysis. The design motion is applied to the soil column as layer outcrop motion 
at the FIRS elevation in order to calculate the within-layer motion. These site 
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response analyses provides for each considered backfill profile, two horizontal 
acceleration time histories (East-West and North-South) of the design motion 
within the top limestone rock layer that are used as input in the SASSI analyses of 
embedded foundations. The time history of the vertical outcrop accelerations 
serves as input for both surface and embedded foundations. 

3NN.3 SASSI Model Description and Analysis Approach

Figure 3NN-7 shows the three-dimensional SASSI FE model used for site-specific 
seismic analysis of the US-APWR R/B-PCCV-containment internal structure of 
Units 3 and 4. The SASSI structural model uses lumped-mass-stick models of the 
PCCV, containment internal structure, and R/B to represent the stiffness and 
mass inertia properties of the building above the ground elevation. A 
three-dimensional (3D) FE model, presented in Figure 3NN-8, represents the 
building basement and the floor slabs at ground elevation.  

The model is established with reference to the Cartesian coordinate system with 
origin established 2 ft.-7 in. below the ground surface elevation at the center of the 
PCCV foundation. The origin location corresponds to the location of the 
coordinate system used as reference for the seismic analysis of the standard 
plant presented in Section 3.7. The orientation of the Z-axis is upward. The 
orientation of the standard plant model is modified such that the positive X-axis is 
oriented northward and the Y-axis is oriented westward.

The geometry and the properties of the lumped-mass-stick models representing 
the above ground portion of the building are identical to those of the lumped mass 
stick model used for the R/B-PCCV-containment internal structure seismic 
analysis, as addressed in Appendix 3H. SASSI 3D beam and spring elements 
with cross sectional properties identical to those of the standard plant models 
represent stiffness properties. All of the modeling characteristics present in the 
standard plant lumped mass stick models for the R/B-PCCV-containment internal 
structure are the same as for the SASSI model, with the exception of minor 
adjustments for compatibility with SASSI, described as follows. Because SASSI 
does not have rigid link capability, the rigid links in the lumped mass stick models 
that connect different nodal points at the same floor elevation are replaced with 
SASSI 3D beam elements with high stiffness properties. The 3D beam elements 
reproduce the rigid link behavior present in the standard plant lumped mass stick 
models.

The major coordinates that define the geometry of the FE basement model are 
listed in Table 3NN-2 to Table 3NN-5. Table 3NN-6 presents the types of SASSI 
finite elements used to model the different structural members in the basement 
model. The table also presents the material properties (modulus of elasticity and 
weight density) assigned to each group of finite elements. The  properties 
assigned to each material of the SASSI model are listed in Table 3NN-7. The 
site-specific SASSI analysis uses the operating-basis earthquake (OBE) damping 
values of Chapter 3, Table 3.7.1-3(b), which is consistent with the requirements of 
Section 1.2 of RG 1.61 (Reference 3NN-4) for structures on sites with low seismic 
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responses where the analyses consider a relatively narrow range of site-specific 
subgrade conditions. 

SASSI solid FE elements, shown in Figure 3NN-9, model the stiffness and mass 
inertia properties of the building basemat. The modeling of the thick central part of 
the basemat supporting the PCCV and containment internal structure is simplified 
to minimize the size of the SASSI model as shown in Figure 3NN-10. Rigid shell 
elements connect the thick portion of the basemat with the floor slabs at the 
ground elevation. Rigid 3D beam elements connect the PCCV and containment 
internal structure lumped-mass stick models to the rigid shell elements as shown 
in Figure 3NN-13 and Figure 3NN-14. Massless shell elements are added at the 
top of the basemat solid element to accurately model the bending stiffness of the 
central part of the mat. Figure 3NN-11 shows the solid FE elements representing 
the stiffness and mass inertia of the fill concrete placed under the central elevated 
part of the basemat and under the surface mat at the northeast corner of the 
building. 

SASSI 3D shell elements model the basement shear walls, the surface mat under 
the northeast corner of the R/B, and the R/B slabs at ground floor elevation. The 
elastic modulus and unit weight assigned to the material of the shell elements 
modeling the R/B basement shear walls shown in Figure 3NN-12 are adjusted to 
account for the different height of walls and reductions of stiffness due to the 
openings. Table 3NN-8 lists the adjusted material properties assigned to the shell 
elements of the walls with openings.

Rigid 3D beam elements connect the top of the basement shear walls with 
lumped-mass stick model representing the above ground portion of the R/B and 
FH/A. This modeling approach enables the R/B-FH/A to be connected to the 
flexible part of the building basement and decoupled from the thick central part 
that serves as foundation to the PCCV and containment internal structure part of 
the building.

The layering of the backfill profiles is modified in order to match the geometry of 
the mesh of the SASSI basemat model described above. The S-wave and P-wave 
velocities of the backfill (Vs and Vp) are adjusted using an equivalent arrival time 
methodology as follows:

                 and                   

where:

D is the thickness of the backfill layer in SASSI, di is the thickness of each backfill 
layer in the site-response analysis model, and Vsi and Vpi are the 
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strain-compatible S-wave and P-wave velocities corresponding to the layering of 
the site response model. 

The P-wave damping (Dp) of the rock and backfill is set equal to the S-wave 
damping. The S-wave damping (Ds) of the rock and backfill layers is calculated as 
a weighted average using the following formula:

where Dsi is the S-wave damping value of each backfill layer.

In addition to the weights assigned to the lumped-mass-stick models of the 
US-APWR standard plant summarized in Appendix 3H, the SASSI model used for 
site specific analyses includes the weight of 47,085 kips pertaining to the fill 
concrete placed beneath the building basemat.  The combined total weight of the 
R/B, containment internal structure, and PCCV including the basemat and the fill 
concrete is 781,685 kips. The equivalent uniform pressure under the building 
foundation is 11.86 ksf. In the SASSI model of the basement, unit mass weight is 
assigned only to the 3D shell elements modeling the shear walls of R/B and to the 
portion of the basemat represented by 3D brick elements.  Table 3NN-9 presents 
the weights assigned to the elements of the basement structural members. The 
remaining weight of the basement is lumped at a single node that, as shown in 
Figure 3NN-10, is connected to the central portion of the foundation by rigid 
beams. As shown in Table 3NN-10, the magnitude and the location of the lumped 
mass are calculated such that, when combined with the mass inertia properties of 
the mat and walls, the FE model duplicates the overall lumped mass inertia 
properties assigned to the standard plant lumped mass stick model at basement 
node BS01.

Four layers of SASSI solid elements, shown Figure 3NN-15, are used to represent 
the stiffness and the mass inertia of the excavated backfill soil. Figure 3NN-4, 
Figure 3NN-5, and Figure 3NN-6 show in dashed lines the input strain-compatible 
properties assigned to the different layers of excavated soil elements. 

The results of a SASSI analysis in which fixed-base conditions are simulated by 
attaching the lumped-mass-stick models to a rigid foundation resting on a rigid 
rock subgrade, verify the accuracy of the conversion of the standard plant 
lumped-mass-stick models into SASSI. An additional verification analysis is 
performed on the combined SASSI model resting on the surface of rigid 
half-space to identify the dynamic properties of the SASSI model. Transfer 
functions obtained from the “hard rock” SASSI analyses, which are compared to 
the results of the ANSYS model analysis, show that the peaks of the transfer 
functions occur at frequencies that are very close to the frequencies of the 
predominant modes calculated by the modal analysis. Table 3NN-11 presents the 

D
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frequencies that characterize the different modes of response of the structural 
models. In the table, the results of the two verification SASSI analyses are 
compared with the results of the fixed base modal analysis of the model presented 
in Appendix 3H.

3NN.4 Seismic Analysis Results

The buildings surrounding the R/B (including FH/A), PCCV, and containment 
internal structures are separated by expansion joints to prevent their interaction 
during an earthquake. A part of the building foundation is embedded in backfill of 
engineered granular material. The site-specific SSI analyses address the effects 
of these site-specific conditions by considering both surface foundation and 
foundation basement embedded in backfill that is modeled as infinite in the 
horizontal direction. Seven sets of SASSI analyses are performed that consider 
the following site conditions:

Each set of SASSI runs includes three runs where the input motion is applied to 
the models at top of the rock subgrade in North-South (NS), East-West (EW) and 
vertical direction. The responses obtained for the earthquake components in the 
three global orthogonal directions are combined in accordance with RG 1.92 
(Reference 3NN-3) using the square root sum of the squares (SRSS) method. 

Each set of SASSI runs has a minimum cut-off frequency of 50 Hz. For each set of 
SASSI runs, the minimum of frequencies of analysis for the surface foundation 
conditions is 48, and the minimum number of frequencies of analysis for the 
embedded foundation is 51.

1. SLB - Foundation without backfill resting on the surface of the rock 
subgrade profile with LB properties.

2. SBE - Foundation without backfill resting on the surface of the rock 
subgrade profile with BE properties.

3. SUB - Foundation without backfill resting on the surface the rock 
subgrade profile with UB properties.

4. ELB - Foundation embedded in backfill with LB properties resting on the 
surface of the rock subgrade profile with LB properties.

5. EBE - Foundation embedded in backfill with BE properties resting on the 
surface of the rock subgrade profile with BE properties.

6. EUB - Foundation embedded in backfill with UB properties resting on the 
surface of the rock subgrade profile with UB properties.

7. EHB - Foundation embedded in backfill with high bound HB properties 
resting on the surface of the rock subgrade profile with UB 
properties.
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Table 3NN-12, Table 3NN-13, and Table 3NN-14 present maximum absolute 
accelerations (zero period acceleration values) at lumped-mass locations of the 
R/B-PCCV-containment internal structure in NS, EW, and vertical direction, 
respectively. The results obtained from each set of SASSI analysis are listed 
together with the enveloped values for the surface and embedded foundation  site 
conditions.  The last column in the tables presents the ratio between the 
envelopes of the embedded foundation results with the envelopes of the surface 
foundation results that serves as an indicator of the embedment effects. The 
comparisons indicate that the embedment in general lowers the maximum 
horizontal accelerations. Exceptions are some portions of the building, in 
particular the Fuel Handling Area (FH/A), where the embedment resulted in 
magnified maximum horizontal accelerations due to local resonance effects.  The 
comparison of the maximum acceleration results indicates that the reflection of 
the P-waves in the embedment soil resulting from the stiffness mismatch between 
the backfill and subgrade magnifies the vertical accelerations of R/B complex 
structures.

Table 3NN-15 presents the influence of different SSI effects on the response of 
the PCCV, R/B, and containment internal structures.

3NN.5 In-Structure Response Spectra (ISRS)

The site-specific SASSI analysis provides results for the 5 percent damping 
acceleration response spectra (ARS) at all lumped mass locations for the three 
orthogonal directions. The ARS results for the three components of the input 
earthquake are combined using the SRSS method and compared with the 
US-APWR standard plant ISRS. Figure 3NN-16, Figure 3NN-20 and Figure 
3NN-24 compare of the ARS results for seismic response in three directions at 
ground elevation at the nominal center of the basement (mass location CV00) with 
the corresponding CSDRS. The comparison of the ARS results for the response 
at the top of PCCV (mass node CV11) with the corresponding ISRS are shown in 
Figure 3NN-17, Figure 3NN-21, and Figure 3NN-25. Figure 3NN-18, Figure 
3NN-22, and Figure 3NN-26 present the comparison of ISRS and ARS results for 
the containment internal structure response at lumped mass location IC18. The 
ARS results for the response of R/B structure at lumped mass location RE05 are 
presented in Figure 3NN-19, Figure 3NN-23 and Figure 3NN-27. The ISRS 
envelope by a high margin all of the ARS results at all lumped mass locations, 
which confirms the validity of the US-APWR R/B-PCCV-containment internal 
structure standard plant seismic design for the Comanche Peak Units 3 and 4 site.

3NN.6 References

3NN-1 An Advanced Computational Software for 3D Dynamic Analysis 
Including Soil Structure Interaction, ACS SASSI Version 2.2, 
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Commission, Washington, DC, March 2007.
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Table 3NN-1

Variation in Input Soil Properties

Stratum
Coefficient Of Variation on Shear Modulus

Lower Bound (LB) Upper Bound (UB) High Bound (HB)
Backfill 0.69 0.69 1.25
Rock Subgrade 0.65 0.65 0.65

Table 3NN-2

Basement Model Z-Coordinates (Bottom to Top)

Z (ft) Elevation (ft) Description
-37.420 782.00 Basemat Bottom
-24.083 795.34 Bottom of Basemat under Reactor
2.583 822.00 Ground Elevation
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Table 3NN-3

Basement Model X-Coordinates (South to North)

X (ft) Column Line Description
-161.67 LR South  Exterior Wall
-139.33 K1R R/B South Basement Wall
-127.00 KR R/B South Basement Wall
-106.00 J1R E-W Interior Wall R/B South Basement
-94.00 JR Reactor Basemat South End
-39.08 D1R & ER Reactor Basement South Edge
0.00 FR Reactor E-W Centerline
39.08 GR & G2R Reactor Basement North Edge
94.00 CR North Interior Wall
102.25 BR Reactor Basemat  North End
124.42 A1R Basement Exterior Wall under Fuel 

Handling Area Surface Mat
147.25 AR Basement North  Exterior Wall
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Table 3NN-4

Basement Model Y-Coordinates (East to West)

Y (ft) Column Line Description
-106.67 11R Basement East External Wall
-92.167 10R Reactor Basemat East End
-85.667 9bR R/B Basement N-S Interior  Wall
-70.00 9R R/B Basement N-S Interior  Wall
-48.75 8aR & 8R Reactor Basement East Edge
-43.917 8R N-S External Wall under Fuel Handling Area 

Surface Mat
-38.833 7R R/B Basement N-S Interior Wall
0.00 6R Reactor N-S Centerline
17.833 5aR Tendon Gallery Access Exterior Wall
39.333 4bR Tendon Gallery Access West Wall
39.333 5R R/B Basement N-S Interior Wall
48.75 5R & 4aR Reactor Basement West Edge
63.71 4R Fuel Handling Area N-S Interior  Wall
70.000 3R R/B Basement N-S Interior Wall
86.583 2aR Fuel Handling Area and R/B N-S Interior  Wall
92.167 2R Reactor Basemat West End
106.67 1R Basement West External Wall
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Revision 33NN-13

Table 3NN-5

Basement Model Radial Coordinates

R (ft) Description
0.00 Reactor Center
9.86 Reactor Pit Radius
59.00 Radius of Elevated Part of Reactor Foundation
71.83 Tendon Gallery Inner Radius
80.42 Tendon Gallery Outer Radius
93.50 Reactor Foundation Radius



Revision 33NN-14

Comanche Peak Nuclear Power Plant, Units 3 & 4
COL Application

Part 2, FSAR

Table 3NN-6

Finite Elements Assigned to Basement Model 

Structural Member Element Mass Material

Young’s 
Modulus, E 

(x10-5 ksf)

Weight 
Density 

(kcf)

Upper Portion of Reactor Mat Shell Weightless
Concrete 

fc=4000psi 5.191 N/A

Fuel Handling Area Surface 
Basemat

Shell Weightless
Concrete fc 
=4000psi

5.191 N/A

NS Exterior Walls Shell
Concrete 
(adjusted)

Concrete fc 
=4000psi 
(adjusted)

Varies with 
Location of 

Wall

Varies with 
Location of 

Wall

EW Exterior Walls Shell
Concrete 
(adjusted)

Concrete fc 
=4000psi 
(adjusted)

Varies with 
Location of 

Wall

Varies with 
Location of 

Wall

NS Basement Inner Shear Walls Shell
Concrete 
(adjusted)

Concrete fc 
=4000psi 
(adjusted)

Varies with 
Location of 

Wall

Varies with 
Location of 

Wall

EW Basement Inner Shear Walls Shell
Concrete 
(adjusted)

Concrete fc 
=4000psi 
(adjusted)

Varies with 
Location of 

Wall

Varies with 
Location of 

Wall

Connecting Shells Shell Weightless Rigid N/A N/A

Ground Floor Slabs Shell Concrete
Concrete fc 
=4000psi

5.191 0.15

Tendon Gallery Floor Shell
Concrete 
(adjusted)

Concrete fc 
=4000psi 
(adjusted)

4.209 0.14

Basemat  Solid
Concrete 
(adjusted)

Concrete fc 
=4000psi 
(adjusted)

2.982 0.125

Fill Concrete Solid Concrete
Concrete fc 
=3000psi

4.496 0.15

Rigid Rim at top of Reactor Mat Beam Weightless Rigid N/A N/A

PCCV stick Rigid Connection Beam Weightless Rigid N/A N/A

Containment Internal Structure 
Stick Rigid Connection

Beam Weightless Rigid N/A N/A

R/B-Fuel Handling Area Stick 
Rigid Connection 

Beam Weightless Rigid N/A N/A

BS01 Lumped Mass Rigid 
Connection

Beam Weightless Rigid N/A N/A



Comanche Peak Nuclear Power Plant, Units 3 & 4
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Revision 33NN-15

Table 3NN-7

Input Material Properties

Structural 
Component

Concrete 
Compressive 

Strength 
(psi)

Young’s 
Modulus

(x105 ksf)

Poisson’s

Ratio

Damping

OBE
PCCV 7,000 6.86 0.17 3%
R/B including 
FH/A, and 
Basement

4,000 5.191 0.17 4%

Containment 
Internal 
Structure

4,000 5.191 0.17 4%

Fill Concrete 3,000 4.496 0.17 4%
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Revision 33NN-17

Table 3NN-9

Weights Assigned to Basement Structural Members in SASSI 
FE Model

FE Component Weight (kips)
EW Exterior Walls 8370
NS Exterior Walls 5871
NS Interior Walls 7337
EW Interior Walls 5167
Basemat 75855
Fill Concrete 47085
Weight assigned to basement 102600
Total Weight including fill concrete 149685

Table 3NN-10

Basement Mass Inertia

Component

Mass 

(k-s2/ft)

Imx 

(k-s2-ft)

Imy 

(k-s2-ft)

Imz 

(k-s2-ft)

Center of Mass (ft)

X Y Z
FE Mass 3186.3 16,649,06

8
30,226,70
8

46,335,40
4

-21.71 2.27 -25.10

Lumped 
Mass 

1720.5 1,552,795 6,425,121 7,960,663 25.94 -1.69 -24.92

DCD BS01 4906.8 18,245,34
2

39,251,20
8

56,935,81
8

-5.00 0.88 -25.04
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Table 3NN-11

Dynamic Properties of SASSI Model

Response Characteristic Frequency (Hz)

Model Direction

DCD Lumped 
Mass Stick 

Model

SASSI Above 
Ground Stick 

Models

SASSI 
Combined FE 

Model

P
C

C
V

NS 4.57 4.59 4.54
12.93 13.01 12.94

EW 4.57 4.59 4.52
12.93 13.04 12.96

Vertical 12.54 12.62 12.45
22.96 23.12 23.05

R
/B

-F
H

/A

NS 5.29 5.30 5.20
10.48 10.05 10.15

EW 6.34 6.17 5.69
13.13 12.20 11.55

Vertical 16.94 16.60 15.58

C
on

ta
in

m
en

t I
nt

er
na

l S
tr

uc
tu

re NS 5.73 5.74 5.71
9.42 9.35 9.23

EW 6.25 6.20 6.20
9.12 9.10 8.99

Vertical 20.76 20.68 20.12
25.12 25.95 24.85
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Table 3NN-15

SASSI Results for R/B-PCCV-Containment Internal Structure 
Seismic Response

SSI Effect Observed Response
Rock Subgrade The rock subgrade, due to its high stiffness, has 

insignificant SSI effect on the seismic response of 
PCCV, R/B, and containment internal structures. The 
structural natural frequencies characterize the response 
obtained from SASSI analyses of the surface 
foundation.

Backfill Embedment The embedment affects the overall response of the 
PCCV, R/B, and containment internal structure. In 
general, the horizontal response of the structures is 
reduced due to the dissipation of energy in the backfill. 
The reduction is more pronounced for cases of soft 
backfill, which has higher values of strain-compatible 
material damping. 

Motion Scattering 
Effects

Motion scattering effects are inherent in the SASSI 
analysis results. The dynamic properties mismatch 
between the backfill and the rock results in reflection of 
the seismic waves within the backfill stratum. The 
response of the backfill is characterized by multiple 
modes that magnify the response of the structure as 
their frequencies approach the structural frequencies. 
These resonance effects are most pronounced in the 
vertical direction is for stiffer backfill with low material 
damping.

Basement Flexibility The flexibility of the basement shear walls has some 
effect on the structural response. Due to the flexibility of 
the shear walls under the R/B, and FH/A, their response 
at ground elevation is decoupled from the response of 
PCCV and containment internal structures that are 
supported directly on the central thick portion of the 
basemat.
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Figure 3NN-1  Rock Subgrade S-Wave Velocity Profiles 
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Figure 3NN-2  Rock Subgrade P-Wave Velocity Profiles 
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Figure 3NN-3  Rock Subgrade Damping Profiles 
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Figure 3NN-4  Backfill Strain-Compatible S-Wave Velocity Profiles
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Figure 3NN-5  Backfill Strain-Compatible P-Wave Velocity Profiles 
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Figure 3NN-6  Backfill Strain-Compatible Damping Profiles 
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Figure 3NN-7  SASSI Structural Model of R/B-PCCV-Containment Internal 
Structure on Common Foundation
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Figure 3NN-8  SASSI FE Model of Basement
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Figure 3NN-9  Solid FE of R/B Basemat
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Figure 3NN-10  FE Model of Upper Portion of Thick Reactor Foundation



Comanche Peak Nuclear Power Plant, Units 3 & 4
COL Application

Part 2, FSAR

Revision 33NN-37

Figure 3NN-11  Fill Concrete Underneath Basemat
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Figure 3NN-12  R/B Basement Shear Walls
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Figure 3NN-13  Containment Internal Structure Lumped Mass Stick Model 
with Rigid Ground Floor Connection
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Figure 3NN-14  PCCV Lumped Mass Stick Model with Rigid Ground Floor 
Connection
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Figure 3NN-15  SASSI FE of Excavated Soil
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Figure 3NN-16  ISRS of PCCV CV00 (NS - Direction)
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Figure 3NN-17  ISRS of PCCV CV11 (NS - Direction)
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Figure 3NN-18  ISRS of Containment Internal Structure IC18 (NS - Direction)
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Figure 3NN-19  ISRS of R/B RE05 (NS - Direction)
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Figure 3NN-20  ISRS of PCCV CV00 (EW - Direction)
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Figure 3NN-21  ISRS of PCCV CV11 (EW - Direction)
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Figure 3NN-22  ISRS of Containment Internal Structure IC18 (EW - Direction)
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Figure 3NN-23  ISRS of R/B RE05 (EW - Direction)
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Figure 3NN-24  ISRS of PCCV CV00 (Vertical - Direction)
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Figure 3NN-25  ISRS of PCCV CV11 (Vertical - Direction)
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Figure 3NN-26  ISRS of Containment Internal Structure IC18 (Vertical - 
Direction)
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Figure 3NN-27  ISRS of R/B RE05 (Vertical - Direction)
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