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Executive Summary 
In many southern states, where tornadoes are common, homes are often lacking 

basements to protect residents from these storms. This occurs due to the water table or bedrock 

existing close to the surface. This often causes the construction of basements to be either 

complicated or cost prohibited. For this reason, homes are often designed with rooms that will 

withstand tornados that could cause catastrophic home damage while protecting the occupants. 

The structure is a two-story single family residence that will be built in Oklahoma with a 

spacious concrete storm shelter in the center of the ground level that will serve daily as an 

additional room. The floor plan in figure 1 shows the floor plan of this home using AutoCAD 

software. 

 
Ground Level 

  

 
2nd Floor 

Figure 1 Floor Plan of Residential Structure. 

 

Concrete columns are designed of 4000 normal weight concrete that span from the 

ground level to the roof and measure 20 feet in height along the perimeter of the structure. The 

four central columns are designed of hot rolled wide flange beams of W8x10 with a height of 10 

feet. Figure 2 shows the placement of columns using AutoCAD software. 

 

Figure 2 Column Plan. 



The columns are connected by girders of steel wide flange beams W10x33. The walls of 

the storm shelter are also concrete. The Pratt roof truss and floor beams are designed with 

southern pine of 2x6, 2x8, or 2x10. Figure 3 shows a model of the structure using RISA 

software. 

 

Figure 3 3-D Residential Frame Design  

 

Load Design and Standards 
For the interior floors of the residential home, a live load of 40 lb/ft2 was applied in 

accordance with minimum requirements set by ASCE/SEI 7-16 (American Society of Civil 

Engineers). The dead load was automatically applied using the material weight established by the 

RISA software.  

The ground snow load was found to be 20 lb/ft2 which was calculated as a snow load of 

11.2 lb/ft2 by formula 𝑝𝑓 = 0.7𝐶𝑒𝐶𝑡𝐼𝑠𝑝𝑔 (sample calculation on calculation page). The wind load 

was calculated based on 120 mph winds that would withstand a weak tornado. Weak tornados 

designated as an EF0 or EF1 account for 78% of all tornados according to FEMA research over a 

56-year period. This wind load was found using formulas, 𝑝 = 𝑞𝐺𝑝 − 𝑞ℎ(𝐺𝐶𝑝𝑖) and 

qz=0.00256Kz Kzt Kd KeV2, to be 31.7 lb/ft2 on the roof and a tapered load of 31.3-37.6 lb/ft2 

along the walls from 0-25 feet respectfully (sample calculation on the calculations page).  

The storm shelter within the structure received additional loading set by FEMA P-361 (Federal 

Emergency Management Agency). Therefore, the storm shelter received additional live load of 

100 lb/ft2 across the concrete ceiling slab. The wind load was calculated with wind speeds of 250 

mph of 97.7 lb/ft2(sample calculation on the calculations page). 



 With the loads placed on the model frame, three members, one of each material were 

chosen to evaluate the deflection, shear, and moment of the member. The following are the 

reports of those members. 

Steel 

In this design, steel girders support floor loads as well as wind loads along exterior walls. 

Exterior girder, M34, shown in figure 4 was selected for analysis. Analysis of member M34 is 

shown below in figure 5.  

 

 

Figure 4 Location of analyzed beam member M34. 

 



 

 
Figure 5 Analysis of Steel Member M34 

 

Wood 

Wood was selected for the roof and floor beams. Wood is easy to work with and a low-

cost choice for building materials. A bottom cord of the roof truss, member M357, shown in 

figure 6 was chosen for further analysis as shown in figure 7. 

 



 

Figure 6 Location of analyzed beam member M357. 

 

 



 

 
Figure 7 Analysis of Steel Member M357 

 

Concrete 

Exterior columns as well as the walls and ceiling of the storm shelter were designed of 

reinforced concrete. The square columns measuring 10 inches reached 20 feet high. These 

columns supported the girders which transferred the weight of the roof and floor loads to the 

ground below. Member M551 shown in figure 8 was chosen for analysis shown in figure 9. 

 



 

Figure 8 Location of analyzed beam member M357. 

 

 



 

 

 
Figure 9 Analysis of Steel Member M357. 

 

Cost of Materials 
The exterior frame of the structure has been designed with cement columns measuring 10 

inches square. Each girder was designed of hot rolled steel wide flanged beams of W10x33 

connecting all columns. The roof using, 2x6, and floor beams using, 2x8, have been designed 

using southern pine. The interior storm shelter is designed of 8-inch, 4000 normal weight 

concrete walls and ceiling framed by hot rolled steel wide flange columns of W8x10. By mixing 

the design of sturdy concrete and steel supports paired with wood components this home will be 

further protected by having less sturdy wood components break away during a catastrophic storm 

while leaving the sturdy steel and cement frame intact. This will allow the structure to be 

repaired more efficiently and cost effectively in the event of a catastrophic storm.  

 



 

Hot Rolled Steel $36,932.58 

Southern Pine Lumber $6,957.87 

Concrete $2,775 

Grand Total $46,665.45 

Table 1 Materials Cost Summary 

 

Summary 
 This two-story residential structure was designed with a combination of wood, steel, and concrete 

materials. The design is intended to be built in Oklahoma state where windstorms and tornados frequently 

exceed wind speeds of 90 mph. This structure was designed to withstand windspeeds of 120 mph which 

exceeds windspeeds of an EF1 tornado. This structure is designed with an interior room that serves as a 

storm shelter that will withstand 250 mph windspeeds equivalent to an EF5 tornado.  

 

 

 

 

 

 

 

 

 

 

 



Calculations 
 

Velocity Pressure: 𝑞𝑧 = 0.00256𝐾𝑧𝐾𝑧𝑡𝐾𝑑𝐾𝑒𝑉2 (lb/ft2) 

where:  

qz = velocity pressure (psf) calculated at height z above ground  

Kz = velocity pressure exposure coefficient at height z above ground  

Kzt = topographic factor = 1.0 

Kd = wind directionality factor = 1.0  

Ke = ground elevation factor = 1.0 

V = design wind speed (mph) 

 

Sample Calculation: Considering windspeed of 250mph. 

𝑞𝑧 = 0.00256(0.85)(1)(1)(1)(2502) = 136 lb/ft2 

Kz = 0.85 at 0-15ft 

Kzt = 1.0 

Kd = 1.0  

Ke = 1.0 

V = 250 mph 

 

 

Pressure: 𝑝 = 𝑞𝐺𝐶𝑝 − 𝑞𝑖(𝐺𝐶𝑝𝑖) 

where:  

p = pressure (psf)  

q = qz for windward walls calculated at height z above ground  

q = qh for leeward walls, sidewalls, and roofs evaluated at height h  

G = gust-effect factor  

Cp = external pressure coefficients  

qi = qh = velocity pressure calculated at mean roof height  

GCpi = internal pressure coefficients 

 

Sample Calculation: Wind load applied to storm shelter. 

 𝑝 = 𝑞𝐺𝐶𝑝 − 𝑞𝑖(𝐺𝐶𝑝𝑖) =  92.48 ± 5.184 lb/ft2 

q = qz = 136 lb/ft2 

G = 0.85 

Cp = 0.8 

qi = qh = 28.8 

GCpi = ±0.18 

 

 



Snow load: 𝑝𝑓 = 0.7𝐶𝑒𝐶𝑡𝐼𝑠𝑝𝑔 

where: 

Ce = exposure factor for unobstructed area = 0.8  

Ct = thermal factor for heated structure = 1.0 

Is = importance factor for residential structures = 1.0 

pg = ground snow load for Oklahoma = 20 lb/ft2  

 

Sample Calculation: Snow for unobstructed area on a residential structure in Oklahoma. 

𝑝𝑓 = 0.7𝐶𝑒𝐶𝑡𝐼𝑠𝑝𝑔 = 11.2 lb/ft2 

where: 

Ce = for unobstructed area = 0.8  

Ct = for heated structure = 1.0 

Is = for residential structures = 1.0 

pg = for Oklahoma = 20 lb/ft2 

 


