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Executive Summary 

 The objective presented was to model and create a structure out of wood, steel, and concrete 

whether these three materials would be combined into one structure or if three different structures would 

be created was free of choice. This particular project uses the materials separately and so the same structure 

was created three times once out of wood, once out of steel and once out of concrete. The structure created 

was made to be a warehouse that is 100 feet wide, 180 feet long and 50 feet high, including two indoor 

soccer courts, a small office space and a bathroom for each gender. The structure could be made with all 

three materials with wood being the cheapest of the three structures made followed by concrete and then 

steel being the most expensive at $589367. Each structure had dead loads and live loads applied to it with 

concrete undergoing the least deflection making it the most stable and wood undergoing the most deflection 

making it the least stable. Comparing the stability and cost effectiveness of each structure it was found that 

concrete would be best choice of material as it provided the most stability and a price that seems reasonable 

for a building such as the one chosen.   
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Introduction 

The purpose of this project was to design a structure in AutoCAD and then model the structure in 

Risa. Through this a warehouse with two indoor soccer fields, a men’s and women’s bathroom and a 

small office and front desk area was designed. The design for this project was based on an indoor soccer 

arena in Australia, the majority are designed like this and that is what sparked this idea. The structure was 

then modelled in Risa three times using different materials each time, one made from wood, one out of 

steel and one out of concrete. The structure was designed to be 100 feet wide by 180 feet long and 50 feet 

high, with a flat roof. Columns were to be placed every 20 feet to support the structure. The designed 

plans for the structure can be seen below and a separate plan for where the columns will be placed. Each 

of these structures comes with a cost analysis describing the estimated cost of how much one of these 

buildings would cost with their chosen materials.  



Figure 1: Structure layout  

Figure 2: Placement of columns 

 

 



Designed Structures  

 There are three structures shown and described below the first being made of wood, followed by 

one made of steel and then one made of concrete. Each structure was placed under a 0.1 ksf area load, a 3 

k nodal load and 0.1 ksf wind load on all of the walls to test the stability of the structure and which all of 

these results are calculated from. 

1. Wood design  

The first structure that was designed was made from wood with 20 x 20 Douglas fir columns, 4 x 10 

Douglas fir beams and 6 x 8 Douglas fir girders. Between the columns wood walls were placed which 

were also made from Douglas fir. In the figures below the model of the structure made from wood can be 

seen and the forces that were placed on it. There is also an analysis of each member and how the members 

act when they are under a force. The wood structure undergoes the most deflection which can be seen in 

the diagrams below for each element, this is primarily due to wood being a weaker material than steel and 

concrete. The entire structure would be stable if it would be created out of wood so this would be a 

suitable design.  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Wood Structure 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Loads applied to wood Structure  

 

 

 



 

Figure 5: Wood column design  

Figure 6: Wood column diagrams 



Figure 7: Wood beam design  

Figure 8: Wood beam diagrams  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Wood girder design  

Figure 10: Wood girder diagrams 

 



2. Steel Design  

The second structure that was designed was made from Steel with W32 x 652 wide flanged hot rolled 

steel columns, W12 x 30 wide flanged hot rolled beams and W14 x 132 wide flanged hot rolled girders, 

all the hot rolled steel was made from A992 steel. Between the columns masonry walls were placed. In 

the figures below an analysis of each member can be seen of how the members act when a force is placed 

on them. The entire structure would be stable if it would be created out of steel so this would be a suitable 

design. 

Figure 11: Steel structure 

 

 

 



 

 

 

 

 

 

 

 

 

 

Figure 12: Loads applied to steel structure  

Figure 13: Steel column design  

 



Figure 14: Steel column diagrams  

Figure 15: Steel beam design 



Figure 16: Steel beam diagrams  

Figure 17: Steel girder design 



Figure 18: Steel girder diagrams 

 

3. Concrete Design  

The third structure that was designed was made from Concrete with 25in x 25in thick concrete 

columns, 13in x 13in thick concrete beams and 10in x 10in thick concrete girders, all the concrete was 

made from 3000NW concrete. Between the columns 18in thick concrete walls were placed which passed 

all the design tests. In the figures below an analysis of each member can be seen of how the members act 

when a force is placed on them, and the concrete structure looks and where the forces were placed. This 

structure made from concrete deflects the least out of the three as can be seen by all of the diagrams for 

each element. The entire structure would be stable if it would be created out of steel so this would be a 

suitable design. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19: Concrete structure  

Figure 20: Loads applied to concrete structure  



Figure 21: Concrete column design 

Figure 22: Concrete column diagrams  



Figure 23: Concrete beam design 

Figure 24: Concrete beam diagrams  



Figure 25: Concrete girder design 

Figure 26: Concrete girder diagrams  

 



4. Cost Analysis 

4.1 Wood Design  

 

The prices for the wood pieces are from Lowe’s [1] where the price was multiplied by the length 

of the required wood pieces. The cost of 2x8 per foot was $1.09, the cost of 20x20 was $19.5 per foot, the 

cost of 2x6 was $0.885 per foot, the cost of 4x10 was $8.70 per foot and for 6x8 the cost was $12.6 per 

foot. The total cost for the wood structure equaled to $54367 which was by far the cheapest for any of the 

three structures. Since it is made completely out of wood it might also not be the strongest of structures 

and therefore might need to be reinforced which would increase the price of the final structure. 

  

Table 1: Wood structure cost analysis  

wood Size  Pieces  Length (ft) Price  

Douglas fir  2x8 140 5000 $5457 

Douglas fir  20x20 32 1600 $31200 

Douglas fir  2x6 70 2500 $2212 

Douglas fir  4x10 17 1260 $10962 

Douglas fir  6x8 18 360 $4536 

Total  304 17560 $54367 

 

4.2 Steel Design  

 

According to Midwest steel and aluminum [2] the price for one foot of W12x30 is $58.92, the 

price for one foot of W14x132 is $108.73 and the price for one foot of W36x652 is $300. The total cost 

for the structure made completely out of steel the total cost would be $589367 making it the most 

expensive of the three structures. The price of the structure could be reduced if a different material or size 

was used for the columns making the entire structure more affordable. The cost breakdown of the entire 

structure can be seen in table 2 below where all parts of structures cost can be seen. 



  

Table 2: Steel structure cost analysis 

Hot rolled steel  Size Pieces Length (ft) Price  

A992  W12x30 17 1180 $69525 

A992 W14x132 18 360 $39142 

A992 W36x652 32 1600 $480700 

Total  67 3140 $589367 

 

 

4.3 Concrete Design  

 

According to concrete network [3] for a yard of concrete is about $125 however there can be 

other fees or the region the concrete is needed can change the price. For this price the $125 estimate has 

been used. Making the structure out of concrete would make the final cost $300136 which would be the 

second most expensive out of the wood, steel, and concrete options. The piece of the structure that adds 

the most cost on is the concrete walls, since there is a large area for them to cover. If the walls could be 

replaced with a different material, it would make the structure more affordable.  

Table 3: Concrete structure cost analysis 

Concrete  Size  Pieces  Length (yd’s) Price  

Conc3000NW 10x10 16 9.3 $1162.5 

Conc3000NW 13x13 17 51.3 $6412.5 

Conc3000NW 25x25 32 257.2 $32150 

Conc300NW  walls 35 2083.3 $260412 

Total   100 2401.1 $300136 

 

 

 

 



Summary 

 The project was a success as three structures were created one out of wood, one out of steel and 

one out of concrete and all three of them are stable and can be constructed. With steel being the most 

expensive of the three at $589367 followed by the concrete structure at $300136 and the cheapest of the 

three being the wood structure at $54367. All three of the structures could become cheaper or more 

expensive if certain modifications are made that could greatly benefit each structure by replacing certain 

parts with other materials. All three structures have deflection diagrams showing how they react under the 

forces they were placed with wood being the weakest of the three materials and therefore deflecting the 

most and concrete being the strongest material and deflecting the least. In terms of the best option, it 

would be concrete if one looks at affordability and its ability to resist deflection.  
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