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ABSTRACT 
 
The AP1000 is a standard design developed by Westinghouse and its partners for an advanced nuclear power plant 
utilizing passive safety features. It is based on the certified design of the AP600 and has been uprated to 1000 Mwe [1].  
The plant has five principal building structures; the nuclear island, the turbine building; the annex building; the diesel 
generator building and the radwaste building. The nuclear island consists of the containment building (the steel 
containment vessel and the containment internal structures), the shield building, and the auxiliary building. These 
structures are founded on a common basemat and are collectively known as the nuclear island. This paper describes use 
of the general purpose finite element program ANSYS [2] in structural analyses and qualification of the AP1000 
nuclear island buildings. It describes the modeling of the shield building and the auxiliary building and the series of 
analyses and the flow of information from the global analyses to the detailed analyses and building qualification. 
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INTRODUCTION 
 
In the framework of AP1000 design activities structural and seismic analyses are being performed by several project 
participants and contractors all over the world using different models. To assure compatibility between those models the 
overall approach (see Figure 1) was developed in which all the models would be based on the same solid model. This 
solid model is created in ANSYS defining the overall geometry with associated mass and material properties. A 
structural identification system is introduced into the solid model to support the designer during pre- and post-
processing. The finite element models are generated using ANSYS with a level of refinement appropriate to the purpose 
of the analysis. Results from overall analyses will be applied as boundary conditions in subsequent detail submodels.  
 
AP1000 AUXILIARY BUILDING AND SHIELD BUILDING SOLID MODEL 
 
The solid model contains the auxiliary building and shield building walls below elevation 56.40 m (185 feet). The 
geometry of the entire building is described using the ANSYS solid geometry entities of key points, lines, areas, and 
volumes. The element types, material properties and real constants are assigned to the defined geometrical entitities. All 
horizontal and vertical structures are modeled on their center planes. Openings with one dimension greater than 1.80 m 
(6 feet) are included in the model. The eccentricities (between element axes) smaller than 15 cm are neglected. All 
concrete walls and floors are included in the model. The equivalent dead load, 25% of floor live load, and 75% of snow 
load are included as surface mass or lumped masses. Water in the spent fuel pits is represented with solid elements 
Concrete structures are modeled with uncracked properties. Concrete filled steel plate structural modules (CA) are 
modeled using the composite properties of steel and uncracked concrete. Large steel beams supporting 22.5 cm (9 inch) 
thick floors and 38.1 cm (15 inch) roof are modeled using ANSYS beam elements with offsets and include the 
appropriate simply supported boundary condition of the beams. Smaller steel beams are modeled with the concrete slab 
using orthotropic properties.   
 
AP1000 FINITE ELEMENT SHELL MODELS OF AUXILIARY BUILDING AND SHIELD BUILDING 
 
The finite element models of the auxiliary building and shield building are based on the solid model. These models 
were combined with the finite element models of the containment internal structures, the steel containment vessel and 
the reactor coolant loop and are being used in the dynamic seismic analyses of the nuclear island and in the structural 
analyses to provide member forces for detailed design. 
 
A coarse finite element model of the auxiliary building was created using the same mesh size as the areas of the solid 
model; it has one finite element division for each area. This model was then combined with the finite element model of 
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the shield building roof (Figure 2). This model has a nominal element size of about 2.7 m (9 feet) so that each wall has 
two elements for a wall height between floors of 5.4 m (18 feet). This model has sufficient refinement for the global 
behavior, which is primarily in-plane membrane action. The FE-model has 6691 elements, 5421 elements, 28440 
degrees of freedom. Static analyses were run for 1.0g (32.2 feet/sec2) horizontal and vertical accelerations with ANSYS 
to check the model and to visualize the model behaviour for horizontal and vertical loads. A modal analysis was run to 
check the dynamic behaviour of the shield building and the auxiliary building with boundary conditions fixed at the 
basemat. The eigenfrequencies for 70 modes were calculated using the BLOCK LANCZOS method implemented in 
ANSYS. The lowest dominant modes for the global dynamic behaviour in three orthogonal directions are shown in 
Figures 3, 4 and 5.  
 
A more refined finite element model was generated with a nominal element size of about 1.4 m (4.5 feet) by meshing 
one area of the solid model with four finite elements (see Figure 6). This level of refinement typically provided four 
elements for each wall and floor span and was adequate to give out-of-plane bending and shear.  This model was used 
in static analyses and the results were used directly in the qualification calculations for walls and slabs. The analyses 
included dead and live load, and equivalent static acceleration analyses using acceleration results from the dynamic 
analyses of stick models. 
 
The ANSYS program provides a method to apply results from the overall analyses of a coarser model as boundary 
conditions to the submodel. Submodels were used for a few areas where the refinement of the overall model was 
insufficient. This approach will also be applied for walls with a large number of small openings which were not 
modeled in the coarser models. Results from the overall analyses of the finite element model are applied as boundary 
conditions.  
 
AP1000 STICK MODEL OF AUXILIARY BUILDING AND SHIELD BUILDING 
 
A stick model was generated for use in dynamic analyses and is shown in Figure 7. The masses of the structure are 
represented with 3-D lumped masses with rotational inertia. The structural masses are modelled at their centroid at each 
floor level and contain the mass of the slabs and ½ height of the walls above and below the floors. The bending, torsion 
and shear stiffness are represented with the 3-D beams at the shear centre. The axial stiffness is modelled with 1-D truss 
elements without mass at the centroid of the walls. The nodes of the mass, beam and truss elements at each elevation are 
connected rigidly using the constraint equations (CERIG) in ANSYS. The stick model includes the shield building roof 
model with low frequency springs and masses to represent sloshing in the water tank on top of the shield building roof. 
The properties of the stick model are computed by means of mass and stiffness calculations using the parts of the finite 
element model. These equivalent properties were adjusted where necessary so that the dynamic characteristics of the 
simplified stick model matched those of the three dimensional shell model. The stick model is being used in fixed base 
ANSYS analyses representing a hard rock site and in soil structure interaction analyses with the SASSI-code [3]. This 
provides displacements and accelerations at each node as well as member forces in the sticks. The time history results 
are used to develop floor response spectra for input to equipment design and piping analyses.  
 
Modal analysis is carried out with boundary conditions fixed at the foundation node using the stick model. The first 
three mode shapes are shown in Figure 8. The significant modes in the three orthogonal directions of the stick and finite 
element of shell models are compared in the following table. The global dynamic behaviour of the shell model can be 
quite well simulated using the stick model with the exception of the local out of plane dynamic behaviour of slabs. This 
can be simulated only using the shell model.  
 
COMPARISON OF SHELL AND STICK MODEL TIME HISTORY RESULTS 
 
Time history analyses were performed on the shell and stick models. Both models were fixed at the elevation of the 
basemat. Response spectra were calculated at corresponding locations on the two models. Typical comparisons are 
shown in Figures 9, 10 and 11. The comparisons of the horizontal response spectra at the top of the shield building 
(Figure 9) and near the top of the auxiliary building (Figure 10) show excellent agreement between the two models. The 
comparisons of the vertical response spectra at many locations in plan near the top of the auxiliary building (Figure 11) 
show greater variation. This is not unexpected since the fundamental vertical frequency is dependent on the height of 
the building and a single stick cannot represent the fundamental frequency of both the shield building and the much 
lower auxiliary building.   Table: Comparisons of the shell model dominant frequencies with the stick model 
frequencies  
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3D shell model 3-D stick model 
Mode Frequency (Hz) Effective mass (t) Mode Frequency (Hz) Effective Mass (t) 
X Direction (North) 
3 2.996 17752 2 3.030 23577 
13 6.937 2350    
14 7.113 6818 5 6.532 7256 
16 8.009 1781 6 6.728 4788 
25 9.164 2146    
26 9.371 10862 8 9.321 16176 
27 10.128 3956 9 12.221 2.482 
   16 20.534 1401 
Y Direction (East) 
2 2.819 22044 1 2.775 26205 
9 6.578 6701    
   4 6.458 14205 
10 6.688 2730    
19 8.633 9781 7 8.683 13592 
   11 14.304 1985 
      
Z Direction (Vertical) 
6 5.778 13913 3 5.772 13329 
55 13.718 2891 9 12.221 4175 
59 14.232 8015 11 14.304 3679 
61 14.363 1314 12 15.285 11081 
62 14.487 2088 13 16.213 1723 
   14 18.690 3153 
   18 25.082 1723 
 
 
CONCLUSIONS 
 
The chosen approach assures transparency, consistency and compatibility in the overall design process and facilitates 
review and supervision of the design work. The interface between different designers can be controlled. The quality of 
design work is improved by validation and verification at each step and by well controlled data exchange between 
designers. Each designer can make his contribution to improve the technical and scientific quality of the design work. 
Unintended inconsistencies can be recognised early and unnecessary additional effort and engineering cost can be 
avoided. Another important advantage of this approach is to identify the model limitations during the design process. 
This allows the design organization to take corrective measures at the appropriate time.  
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Figure 1: Overall modeling approach for AP1000 Structural Analyses 
 
 

 
 
Figure 2: AP1000 FE-Model of Auxiliary Building and Shield building East View 
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Figure 3: Mode Shape 2, f = 2.82 Hz. Direction Y 
 

 
 
Figure 4: Mode Shape 3, f = 2.99 Hz, Direction X 
 

 
 
Figure 5: Mode Shape 6, f = 5.78 Hz, Direction Z 
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Figure 6: AP1000 Refined Shell Model of Auxiliary Building and Shield Building 
 

 
Figure 7: 3-D Stick Model of Auxiliary Building and Shield Building, View from East towards West (elevations in feet) 
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Figure 8: Auxiliary Building and Shield Building Stick Model, First three mode shapes 
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Figure 9: FRS Comparison at top of Shield Building, Direction X 
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Figure 10: FRS Comparison on Auxiliary and Shield Building EL. 41.15 m (135'), Direction X 
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Figure 11: FRS Comparison on Auxiliary and Shield Building on EL 41.15 m (135'), Direction Z 
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