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Abstract 

This final report will discuss my project, which consists of creating a floor plan and 3D model of 

a structure that has elements of wood, concrete, and steel used within the design of the structure. 

I chose to structurally design and analyze my house for my final project. This report will display 

the floor plan that I created in AutoCAD, and it will show data collected by RISA software. 
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Dimensions 

To begin my project, I have retrieved measurements of the layout of my house from documents 

given to my parents when they moved into the house (Fig. 1). The house consists of four 

bedrooms and a bathroom upstairs, and a kitchen, living room, dining room, foyer, attic, and 

basement. The house is 30-feet by 28.2-feet, which yields an area of 846-square-feet for each 

floor. 

 

Figure 1. Floor plan dimensions of the house.

 

Figure 2. Calculated area of each floor within the house. 
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Floor Plan 

Using this given data, I created a floor plan using AutoCAD software. This allows me to find 

more dimensions for the house, in which I can use to model the structure onto RISA. I created a 

floor plan of the floor layouts, as well as where doors, stairs, and columns are located (Fig. 3). 

 

Figure 3. Floor plan of designed on AutoCAD, plus marks are where concrete columns are located to support the 

house. 

Modeling 

The new floor plan gives me dimensions to create an accurate 3D model of the structure. The 

structure’s foundation is built with 3000NW concrete columns that support the structure. The 

space withing the columns acts as the basement of the house. The concrete columns are 
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rectangular 8-inch by 8-inch columns that stand 8-feet tall (Fig. 4). The concrete columns have 

fixed boundary conditions to where they are connected to the ground. 

 

Figure 4. Nine concrete columns located in the basement of the house. 

The concrete columns connect to the A992 hot rolled steel girders and beams that support a 

majority of the load acting from the wood supports of the house. The steel girders and beams are 

wide flanged, which prevents deflection of the beam (Fig. 5). The steel beams will support more 

weight due to the weight of the walls on the edges of the house. 

 

Figure 5. Three steel girders stretching across the bottom level of the house, with four steel beams coming off the 

steel girders. 
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The rest of the structure consists of DF wood studs, girders, and beams. All of the wood within 

the structure has a rectangular shape. Each section set has different cross-sectional areas because 

of their purposes withing the structure. There are several types of labeled wood identifications 

used for how each section of wood is oriented differently (Fig. 6). 

 

Figure 6. Wood section sets used in the structure such as beams, columns, and vertical braces. 

Usually studs are 1.5-feet apart from each other, so when I created the model, I used the global 

tool to make multiple copies of the studs that are distance the same amount apart from each 

other. The internal and external walls of the house consist of these studs that are 1.5-feet apart 

and that stand 8-ft tall (Fig. 7). 

 

Figure 7. The external wall on the first floor of the house. 
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Along with the studs, there are window frames and door frames placed within the house (Fig. 8). 

The frames are made from footers and headers. There are also two staircases within the house 

that are supported by studs and braces (Fig. 9). The roof consists of multiple trusses in order to 

support live loads that act on the house (Fig. 10). The floors of the house have wooden joists in 

between the wooden beams as well for extra support (Fig. 11). 

           

Figure 8. Door frame and window frame.  Figure 9. Stairs framing and window frames. 

 

Figure 10. Roof trusses used to support live loads acting on roof. 
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Figure 11. Wooden joists to support floors. 

The structure is supported with many pins and fixed boundary conditions. The structure can 

support the dead load of itself as well as live loads such as rain, snow, and moving loads. The 

structure itself is 24-feet tall. The house is built with all of the materials required for the project 

and contains over a thousand members (Fig. 12). 

 

Figure 12. Finalized 3D model of the house. 
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Structural Analysis 

The concrete columns hold all of the dead load of the house and any live loads that act on the 

house also. The central concrete column has deflection in both the y-direction and z-direction, 

but no shear force in those directions (Fig. 13). When compared to the concrete columns on the 

corners of the house, these columns do have shear force in both y-direction and z-direction, and 

moment in both y-direction and z-direction also (Fig. 14). 

 

 

Figure 13. Data from central concrete column. 
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Figure 14. Data from corner concrete column. 

The steel girders and beams are wide-flanged which would prevent any possible buckling. They 

are very strong supports for the rest of the house and its wood sections. The steel girder in the 

center of the house has a great amount of force acting on it, as seen in the diagrams (Fig. 15). 

The diagrams show that there is deflection, shear and moment in the y-direction and z-direction. 

The steel girder on the edge has las forces acting on it, but still enough for there to be deflection, 

shear, and moment in both the y-direction and the z-direction (Fig. 16). 
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Figure 15. Data collected from central steel girder. 
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Figure 16. Data collected from right edge steel girder. 
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There are a lot of wooden member throughout the entire structure that have similar properties, so 

I will give information on only some of the members. I have gathered information on the central 

wooden stud on the first floor, the corner stud on the first floor, the wooden girder of the second 

floor, the wooden beam of the first floor, the wooden joist of the first floor, the wooden stud in 

the attic and the wooden diagonal truss of the roof support. The central wooden stud within the 

first floor shows deflection and shear in both directions (Fig. 17). 

 

 

Figure 17. Data collected from central wooden stud on first floor. 
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The wooden stud located at the corner of the house on the first floor gives different data in 

comparison to the wooden stud in the central part of the house on the first floor. The wooden 

stud has deflection in both directions but shows no signs of shear force in any of the directions 

(Fig. 18). 

 

 

Figure 18. Data collected from corner wooden stud on first floor. 
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The wooden girder on the second floor has many members attached to it so it should receive a 

great amount of external force. There is deflection and shear forces present within the member, 

as well as moment (Fig. 19). 

 

 

Figure 19. Data collected from wooden girder on second floor. 
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The wooden beam located on the first floor of the house holds the joists of the floor and is 

attached to the steel beams of the first floor. The girder has deflection in the y-direction that 

appears to be symmetrical due to having wooden joists attached to the member symmetrically in 

each direction. Shear force and moment is present in each of the directions also (Fig. 20).  

 

 

Figure 20. Data collected from wooden beam on the first floor. 
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The wooden joist between each of the wooden beams are there to support the weight from the 

floor and the live loads that could possibly act on it. The joists have identical data with each 

other throughout the structure. Each joist has deflection, shear force, and moment within them 

(Fig. 21). 

 

 

Figure 21. Data collected from wooden joist on the first floor. 
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The wooden stud that is located in the center of the attic is connected to each of the diagonal 

trusses of the roof. There is deflection within the member, but there is also moment that is 

greater more at the top of the stud and then it decreases as it reaches the bottom support of the 

stud (Fig. 22). 

 

 

Figure 22. Data collected from wooden stud in the attic. 
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The truss of the roof is where the live load is specifically located. The live load acts on the roof 

and the forces are distributed throughout the rest of the members of the house. The truss has 

deflection, shear, and moment form the dead load and live load, as well as the supports of the 

other parts of the truss acting on it (Fig. 23). 

 

 

Figure 23. Data collected from wooden truss from roof. 
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The roof trusses support a combination of both dead load and live load. The live load primarily 

acts on the beams of the connecting trusses with an estimated load of -0.2 k/ft (Fig 24). Dead 

load is applied to every member of the structure, due to each member’s own weight. 

 

Figure 24. Load combination of the structure, mainly the live load acting on roof trusses. 

 

Cost Analysis 

The structure has hot rolled steel, wood, and concrete used for the design. The estimated cost can 

be calculated using the information given from the material takeoff tab in RISA. This gives us 

the information about the material, size, number of pieces, length, and weight of each of the 

members (Fig. 25). Using different sources, I found the price of the different sizes of steel, wood, 

and concrete needed to construct the structure. The total cost of the project’s framework equates 

to an estimate of $18,711.79 (Fig 26). This does not include the cost to construct walls, floors, or 

any utilities needed in the structure. 
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Figure 25. Material takeoff of the structure. 

 

Figure 26. Cost estimate of the materials needed to construct the house. 
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Conclusion 

The structure was designed starting with a floor plan, then moving onto creating a 3D model of 

the structure, and then going through structural analysis using RISA. The process of designing 

the structure deals with a lot of detailed steps and calculations. The structure successfully stands, 

and RISA gives good, detailed data about the characteristics and properties of each of the 

members built within the structure. The project gives me a better understanding of how programs 

like AutoCAD and RISA work, and how to fix issues with different types of situations when 

designing.  


