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ABSTRACT 

 

This paper describes modeling of three-dimensional finite element structures using a scripted approach to 

increase efficiency, and allow for ongoing design changes and configurations. The presented approach 

simplifies the complex development of a finite element model through the use of a scripted logic to create 

geometries with either 4-node shell elements or 8-node solid elements. An example embedded building 

structure is developed along with backfill soil and a pool of water internal to the structure, resembling a 

small modular reactor building. The model is developed such that it can be used for soil-structure and fluid-

structure interaction analyses using a commercial finite element analysis code without the need for further 

modifications to the model. This eliminates the need for separate analysis models and significantly reduces 

the conservatism inherent to multi-step analysis approaches. Results of static, modal, and harmonic analyses 

cases are evaluated to check the accuracy of the model. It is shown that the presented modeling approach 

can produce reliable finite element models in a short time that can be used for different analysis cases.     

 

INTRODUCTION 

 

The introduction of small modular reactors (SMRs) into the nuclear industry provides an opportunity to 

supply scalable, multiple-configuration power plants around the world. However, the same scalability and 

layout versatility that drive the appeal of SMRs, also present a new set of challenges – specifically, in the 

design and analysis phases.  

 

Traditionally, design of a large-scale nuclear power plant is controlled by limited configurations of 

input motion, soil, and building structure. With the flexibility that SMRs present, the number of structural 

configurations that might occur at a single site may be significantly increased depending on the number of 

modules present, thus increasing the potential analysis cases required to support certification. The 

development of finite element (FE) models for soil-structure and fluid-structure interaction applications is 

a time-consuming process, and requires detailed verification of every configuration.  

 

The purpose of this paper is to demonstrate a modern approach to rapidly creating finite element 

models of building structures, site configurations, and the free-field soil boundary while simplifying 

complex models. This will allow for a short turnaround in the finite element modeling process and post-

processing of the results in the design and analysis phases while multiple designs and layouts are under 

consideration. Additional modifications can be made to further automate the modeling process.  
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MODELING APPROACH  

 

The flowchart provided in Figure 1 summarizes the different steps of the finite element modeling approach 

discussed in this paper. The first step is to identify the key coordinates and generate a blank simulation box 

of 3D elements. This enforces proper model connectivity through shared nodes between multiple structural 

components (e.g., building, soil, fluid) across the full model. The key coordinates can either be at centrelines 

of wall and floor sections if FE models are intended to be developed using shell elements or at the exterior 

faces of sections if solid or solid-shell elements are to be used for modeling.  

 

A scripting language (MATLAB) is used to generate node locations from text-based input files 

containing a list of key wall and floor coordinates. The key node coordinates are then interpolated based on 

the desired global mesh criteria to create a complete grid of nodes. Elements are then generated directly 

from the nodal grid to create an initial meshed blank box. The major benefit in using scripting to create the 

finite element model is that it can be quickly updated to generate multiple models based on different mesh 

sizes and different element types (e.g., shell vs. solid). Local elements coordinate systems can be defined 

in accordance with the global coordinate system and later be updated as necessary.  These steps are designed 

to quickly generate a significant portion of a building geometry in a controlled and repeatable automated 

process. Simplified text-based lists are used as input files to identify different aspects of the building 

geometry including the key node coordinates, locations of empty space and any penetrations in the structure. 

Once an overall building geometry is created, additional modifications can be made to introduce additional 

details unique to that structure, such as changes to wall and floor thickness or mass distributions. 

 

Figure 2a shows a generic box constructed in order to model an example reactor building structure 

using ANSYS APDL. The overall dimensions of the example rector building structure are 300 ft in east-

west (X) direction, 150 ft in north-south (Y) direction, and 150 ft in vertical (Z) direction. The building is 

considered to be deeply embedded with embedment depth of 75 ft. For simplicity, all walls and floors are 

considered to be 5 ft thick. Exterior walls and basemat are 10 ft thick. 

 

The box is modeled using 8-node solid-shell elements (SOLSH190) in ANSYS. One advantage of 

this element over solid (SOLID185) is that wall and floors can be modeled using a single element through 

the thickness while keeping the exact geometry of a 3D model. Once the box is created, location of the 

nodes can be further modified to fine tune the geometry. This is needed where additional details should be 

included in the model or there are elements that cannot be modeled using the original key coordinates.  

Next, all elements occupying empty spaces and wall and floor penetrations are listed in the global 

coordinate system and removed, as shown in Figure 2c. 

 

The next step is to define the components and member sections to be used for extracting section 

cut forces for design. Figure 3 shows different components of the example reactor building structure; that 

is, basemat, roof, east-west walls, north-south walls, and floors. Figure 4 provides the node components 

used to apply the boundary conditions for soil-structure interaction (SSI) as well as the fluid-structure 

interaction (FSI) between the pool component and the example reactor building walls and basemat. The 

node component RXB_SSI_Bottom is used when backfill soil element are not included in the analysis and 

the reactor building is only connected to the supporting soil via the basemat. The node component RXB_SSI 

is used when backfill soil is included in the analysis, and both bottom of the basemat and exterior faces of 

the backfill soil elements are in contact with the soil impedance matrix nodes. The node component FSI is 

used to define the surface between the pool water elements modeled using FLUID30 acoustic elements with 

the example reactor building.  

 

Additional distributed mass can be added to the model using MASS21 elements assigned to the 

nearest node, as shown in pink in Figure 2d. These elements are defined to account for component and 

equipment masses in the model where the magnitude is defined by real constants. Ultimately, a separate 
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script is used to define the material properties and assign these properties to different component geometries 

in the model. These scripts can be updated such that multiple material properties (e.g., for cracked and un-

cracked concrete) can be used in the model and multiple analyses can be run sequentially. 

 

The last step is to create the contact interface between the explicitly modeled structural elements 

(i.e., backfill soil and basemat) and the soil impedance matrix nodes (see Mertz. et al. (2018)). The soil 

impedance matrix which contains the dynamic stiffness of the soil surrounding the excavation can be 

imported to ANSYS as a super-element. The contact interface generation can be done through definition of 

a SHELL181 layer, MPC bonded contact elements, and COMBIN14 spring elements. In this approach, the 

backfill soil elements are first connected to the shell layer through MPC contact elements. Then, this shell 

layer is connected to the SSI boundary nodes via COMBIN14 spring elements. This step is not included in 

the paper, as a fixed-base boundary condition is considered for the example reactor building structure 

presented here. For the analyses cases including the backfill soil elements, nodes on the exterior faces of 

the backfill soil are also fixed (see Figure 4b). 

 

 

Figure 1. 3D modeling approach flowchart. 



 

25th Conference on Structural Mechanics in Reactor Technology 

Charlotte, NC, USA, August 4-9, 2019 

Division III 

 
(a) 3D geometry box 

 
(b) Reactor building structure and backfill soil 

 
(c) Reactor building, backfill soil, pool, and mass 

elements 

 
(d) Reactor building, backfill soil, and mass 

elements 

 
(e) Reactor building without backfill soil 

 
(f) Reactor building walls and floors 

 
(g) Backfill soil elements 

 
(h) Pool water elements 

Figure 2. Different stages of FE modeling using an example reactor building. 
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Figure 3. Basemat, roof, walls and floors components. 

 

 
(a) RXB_SSI_Bottom node component 

 
(b) RXB_SSI node component 

 
(c) FSI node component 

Figure 4. Soil boundary node components. 
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Static Analysis Results  

 

A static analysis is performed to evaluate the building response under gravity load, and check the proper 

connectivity of the finite elements and the correct application of the mass elements and boundary condition 

at SSI nodes. Total vertical reaction forces at node components RXB_SSI and RXB_SSI_Bottom are 

calculated using FSUM command in ANSYS, and compared with total mass and weight of the finite 

element models for with and without backfill soil elements analyses cases. As shown in the Table 1, the 

total weights and the reaction forces are identical. The plan view of the deformed shape of the example 

reactor building structure under gravity load is shown in Figure 5. 

Table 1. Mass, weight, and reaction force summary of the building models 

 Example reactor building structure 

with backfill soil 
Example reactor building structure 

without backfill soil 
Total mass (lb-s2/in) 0.143E+7 0.970E+6 
Total weight (lb) 0.551E+9 0.374E+9 
Total reaction force (lb) 0.551E+9 0.374E+9 

 

 
(a) Example reactor building structure with 

backfill soil 

 

(b) Example reactor building structure without 

backfill soil 

Figure 5. Deformed shape of the example reactor building structure under gravity load (plan view). 

 

 

A static analysis is performed in order the check the pool fluid pressure under gravity load (i.e., 

hydrostatic pressure). This is done via using transient analysis in ANSYS with time integration turned off. 

Considering a pool depth of 90 ft and water density of 0.03587 lbm/in3 (9.29E-5 lb-s2/in4), maximum 

hydrostatic pressure of 38.736 psi is calculated at bottom of the pool and top of the basemat. This value 

closely matches the pressure computed from ANSYS transient analysis, as shown in the Figure 6 below. 

 

 

Figure 6. Pool water pressure contour plot. 
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Modal Analysis Results  

 

A modal analysis is performed to calculate natural frequencies and major mode shapes for both with and 

without backfill soil finite element models. Figure 7 shows the first three major mode shapes in X, Y, and 

Z directions for the example reactor building structure without the pool. These results will later be used for 

comparison with three roof nodes acceleration transfer functions results computed from harmonic analysis.  

 

 
Mode 11, Frequency: 8.33 Hz  

(First major frequency in X direction) 

 

 
Mode 7, Frequency: 6.10 Hz 

(First major frequency in X direction) 

 

 
Mode 6, Frequency: 5.82 Hz 

(First major frequency in Y direction) 

 

 
Mode 5, Frequency: 4.95 Hz 

(First major frequency in Y direction) 

 

 
Mode 1, Frequency: 3.22 Hz 

(First major frequency in Z direction) 

 
Mode 1, Frequency: 3.18 Hz 

(First major frequency in Z direction) 

Figure 7. Modal analysis results for the example reactor building structure with and without backfill soil. 
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Harmonic Analysis Results 

 

A harmonic analysis is performed for the example reactor building structure with backfill soil elements 

under 1g ground motion in X, Y, and Z directions. Displacements corresponding to 1g ground acceleration 

are calculated for each analysis frequency and applied to the node component RXB_SSI in three directions. 

Acceleration transfer function plots are generated for three nodes on the top of the roof, node 1 for the X 

direction response, node 2 for Y direction response and node 3 for the vertical (Z) direction. Location of 

these nodes are provided in Figure 8. Figure 9 shows the acceleration transfer function plots. The frequency 

at the first major peak for acceleration transfer functions in each direction is identified on the plot. These 

frequencies closely match the natural frequencies computed from the modal analysis for the model with 

backfill soil elements. 

 

 
Figure 8. Location of the roof nodes used for acceleration transfer function generation. 

 

(a) 1 g input in X Direction 

 

(b) 1 g input in Y Direction 

 

(c) 1 g input in Z Direction 

Figure 9. Roof nodes acceleration transfer function plots. 

 
CONCLUSION 
 

An efficient scripted finite element modeling approach was presented. The approach reduces the time 

required to develop finite element models in civil/structural applications and can be used to account for the 

various module configurations within SMR plants or design parametric studies. The example reactor 

building structure developed and analyzed in this paper demonstrates the application of the rapid model 

generation using multiple site configurations. A set of analysis cases were performed to evaluate the 

accuracy and completeness of the developed model. Results showed that the presented approach produces 

reliable finite element models in a short time that can be used for different analysis cases. 
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