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Executive Summary: 
 

This report is an analysis of possible 
alternate floor systems for Best Buy Corporate 
Building D found in Richfield, MN. After analyzing 
the existing system, feasible alternate systems were 
chosen and considered for the building’s floor 
system. Advantages and disadvantages were derived 
and studied to determine if each system was worth 
further investigation. 
 
Existing Floor System: Composite Steel Beam 
 

Advantages of the system are: can be quickly erected, generally low cost, floor 
depth is comparatively, system is lightweight, smaller column sizes, smaller foundation.  

 
Disadvantage of the system is: requires fireproofing to meet the 2 hour fire-rating 

necessary.  
 
Floor System #1: One-Way Concrete Slab with Beams 
 

Advantages of the system are: overall depth is decreased by 3.75” from the 
original system, no spray on fireproofing required.  

 
Disadvantages of the system are: take longer to construct, overall weight in this 

system is more, increase in column size, increase in foundation size. 
 
Floor System #2: Pre-stressed Pre-cast Concrete Slab 
 

Advantages of the system are: faster to erect, no fireproofing required, removal of 
one row of columns from the length of the building.  

 
Disadvantages of the system are: overall weight in this system is, increase in 

column and foundation size, depth of the system is greatly increased, reduction in bay 
size along the length of the building. 
 
Floor System #3: Post-tensioned Concrete Slab 
 

Advantages of the system are: depth is greatly decreased by 8.75” from the 
original system, one less row of columns along the width, no fireproofing.  

 
Disadvantages of the system are: more time to erect, overall weight in this system 

is more than the existing system, column size will increase, foundation size will increase. 
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General Information: 
 
 The Best Buy corporate campus consists of four buildings connected by a central 
hub. This report focuses on building number four, which is a six story braced frame, steel 
system. The 304,610 square foot building consists of slab on grade construction with 
wide flange steel columns supported on concrete piers. Lateral loads are supported by a 
braced frame system. The exterior of the building consists of an architectural precast 
curtain wall with integrated ribbon windows. Considering the large amounts of integrated 
technologies required by Best Buy, there are no other major dead or live loads other than 
those listed in the provided drawings. The occupancy of the building, as expected, is 
primarily for office use. 
 
 Dead Load: 
  Finishes:      25psf 
  
 Live Load: 
  Main Floor:    100psf 
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Existing System: Composite Steel Beam 
 

The floor system Building D utilizes a composite beam floor framing system. The 
overall slab is 6¼” using 3” 20 gage composite deck and 3¼” lightweight concrete 
covering. The first floor uses #4 rebar at 18” on center for concrete reinforcing while the 
remaining floors use 6x6-W2.1xW2.1 welded wire frame. Each internal bay has a typical 
size of 30’x30’ and external bays are typically 30’x42’8”. The internal beams are 
typically W16*26 while the typical external beam is W18*40. Finally, the typical internal 
girder size is W21*50 and external is W18*35. Material strength is given as 3500 psi for 
the concrete and A992 50ksi steel for the beams and girders. Spray on fireproofing was 
used to meet the fire rating required for the building. The floor framing system along with 
a typical interior bay (shown in blue and rotated 90 degrees) is shown below. 

 

 
 

 
 

Some of the inherent advantages of the composite beam are that it can be quickly 
erected and at a generally low cost. Another advantage of the existing system is that the 
floor depth is comparatively shallow and can accommodate most building height 
restrictions. The structure for this system is lightweight, allowing smaller column sizes as 
well as a smaller foundation. One small disadvantage of the system is that it requires 
fireproofing to meet the 2 hour fire-rating necessary.  
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Alternate Systems: 
 
System #1: One-Way Concrete Slab with Joists 
 
 The first alternate system chosen to analyze was a one-way concrete slab with 
joists. The 2002 CRSI Handbook tables were used to size the joists. The total load 
calculated for the system was 190psf over a span of 29’. Using page 8-30 from CRSI, a 
design of 16” deep ribs with a 4.5” top slab was used resulting in a total depth of 20.5”. 
The system would contain 30” forms with 6” ribs at 36” center to center for the interior 
span. The reinforcement for the system was designed as #5 at 9” on center for the top bars 
and #6 and #7 bottom bars. The total weight of the system is calculated to be 87.3psf. A 
typical bay is shown below. 
 

 
 

One of the first advantages to this system is that the overall depth is decreased by 
3.75” from the original system, so there would be more room for mechanical and 
electrical systems. There would also not be any spray on fireproofing required with this 
system. In terms of building time, this system would likely take longer than the existing 
system to construct. Another issue to consider is that the overall weight in this system is 
more than the existing system. This could cause an increase in column size as well as in 
the foundation, which must be considered. 
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System #2: Pre-stressed Pre-cast Concrete Slab 
 
 The second alternate system chosen to analyze was a pre-stressed pre-cast 
concrete slab. Charts from Nitterhouse Concrete Products were used to size the bays. The 
total load calculated for the system was 190psf over a span of 57’6”. Using these charts, a 
34”x12’ double tee was selected. The system requires 18 0.6” diameter strands draped 
through the section. A typical bay is shown below. 
 

 
 

The largest advantage to this system is the speed at which it can be erected. 
Similar to the one-way slab, there would also not be any spray on fireproofing required 
with this system. This design also allowed for the removal of one row of columns from 
the length of the building. Again, the overall weight in this system is more than the 
existing system, and could cause an increase in column and foundation size. The overall 
depth of the system is greatly increased, therefore either reducing floor height or 
increasing building height. The biggest disadvantage is the reduction in bay size along the 
length of the building. This really makes the system unfeasible.  
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System #3: Post-tensioned Concrete Slab 
 
 The last alternate system selected was a post-tensioned concrete slab. This design 
allowed for a 15.5” slab spanning a bay size of 57’6”x30’. Using 35k tensioning and a 
minimum 6.75” eccentricity, 68 strands are needed along the 30’ span. This requires a 
minimum spacing of 5.3” between strands with is larger than the minimum 2” 
recommended. No post-tensioning was needed for the short span. A typical bay is shown 
below. 
 
 

 
 

Some of the advantages to this system are that the overall depth is greatly 
decreased by 8.75” from the original system, and there is one less row of columns along 
the width. Even with this reduction of columns in the width, there is no sacrifice in the 
length as the column spacing stays the same. Once again, there would not be any spray on 
fireproofing required with this system. This system will however take more time to erect 
and the overall weight in this system is more than the existing system. Lateral bracing 
will also be affected as the braced frame is no longer usable. The column size as well as 
in the foundation size will also increase. 
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Conclusions: 
 
Existing System: Composite Steel Beam 

Advantages:     
Reduced time to erect 

 Large bay sizes 
 Relatively light weight system 
 Lower cost overall 
 Shallow floor 
Disadvantages: 
 Fireproofing required 

 
System #1: One-Way Concrete Slab with Joists 
 Advantages: 
  No fireproofing 
  Reduced floor depth 
 Disadvantages: 
  Increased system weight 
  Smaller bays 
  Longer to construct 
  Increased column sizes 
 
System #2: Pre-stressed Pre-cast Concrete Slab 
 Advantages: 
  Much faster to erect 
  No fireproofing 
  Removal of a column row 

Disadvantages: 
 Heavier system 
 More expensive 
 Deeper floor system 
 More columns along length of building 

 
System #3: Post-tensioned Concrete Slab 
 Advantages: 
  No fireproofing 
  Removal of column row 
  Greatly decreased floor depth 

Disadvantages: 
 Heavier system 
 Increased time to erect 
 More expensive 
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Appendix 
 
Existing Floor System: Composite Steel Beam 
 
Metal Deck 
 
 Minimum as per code: 3” 20 gage 
 
 United Steel Deck Manual: Try 3” 20 gage 
 
 Maximum unshored span = 11.43’>10’ 
 
 Slab depth = 6¼”   Maximum load = 280psf 
 
Beam A: 30’ span 
 
 Dead Load = 70psf  Live Load = 100psf 
  

Load factors = 1.2(70)+1.6(100) = 244psf 
  

Pu = 244psf   wu = 10(244) = 2.44klf 
  

F’c = 4ksi   fy = 60ksi 
  

Mu = wul2/8 = (2.44*302)/8 = 274.5ft-k 
  

Assume a = 1”   beff = min [(ln=120”),(30*12/4=90”)] 
  

y2 = 6 - a/2 = 5.5” 
  

Using LRFD table 3-19 use W14*38 -> ᶲMp = 231ft-k 

  
Assuming PNA = 7 (worst case) -> ᶲMp = 339ft-k, ∑Qn = 140k 

 
 ∑Qn = .85f’cba -> a = ∑Qn/.85f’cb = 140/.85*4*90 = .460 
 
 y2 = 6 - .46/2 = 5.77”  ᶲMp = 341.5ft-k 
 
 ∑Qn/shear stud = 140/9 = 15.56 -> 32 shear studs 
 
 Beam design: W14*38 with 32 shear studs 
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Beam B: 42’6” span 
 
 Dead Load = 70psf  Live Load = 100psf 
  

Load factors = 1.2(70)+1.6(100) = 244psf 
  

Pu = 244psf   wu = 10(244) = 2.44klf 
  

F’c = 4ksi   fy = 60ksi 
  

Mu = wul2/8 = (2.44*42.52)/8 = 550.9ft-k 
  

Assume a = 1”   beff = min [(ln=120”),(42.5*12/4=127”)] 
  

y2 = 6 - a/2 = 5.5” 
  

Using LRFD table 3-19 use W18*55 -> ᶲMp = 420ft-k 

  
Assuming PNA = 7 (worst case) -> ᶲMp = 601ft-k, ∑Qn = 202k 

 
 ∑Qn = .85f’cba -> a = ∑Qn/.85f’cb = 202/.85*4*120 = .495 
 
 y2 = 6 - .495/2 = 5.75” ᶲMp = 604.5ft-k 
 
 ∑Qn/shear stud = 202/9 = 22.44 -> 46 shear studs 
 
 Beam design: W18*55 with 46 shear studs 
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Floor System #1: One-Way Concrete Slab with Joists 
 
Beam A (exterior): 30’ span 
 

Dead Load = 25psf  Live Load = 100psf 
  
 wu = 1.2(25)+1.6(100) = 190psf  
 
 From CRSI joist supporting 190psf spanning 30’ 
  30” forms 
  6” ribs 
  16” rib depth 
  36” center to center distance 
  4.5” slab depth 
  Reinforcement: 
   Top = #5 @ 9” 
   Bottom = #6, #7 
 
 This will hold 222psf  Total Weight = 30*30*97 = 87.3k 
 
Beam B (interior): 27’6” span 
 

Dead Load = 25psf  Live Load = 100psf 
  
 wu = 1.2(25)+1.6(100) = 190psf  
 
 From CRSI joist supporting 190psf spanning 28’ 
  30” forms 
  6” ribs 
  16” rib depth 
  36” center to center distance 
  4.5” slab depth 
  Reinforcement: 
   Top = #5 @ 11” 
   Bottom = (2) #7 
 
 This will hold 225psf  Total Weight = 30*27.5*97 = 80.0k 
 
Girders: 30’ span 
 
 Using weight of exterior beams to size girders for uniformity. 
 
 wu = 1.2(87.3+25)+1.6(100) = 294.76psf 
  
 Wu = 294.76*30 = 8.84klf 
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 Mu = (8.84*302)/8 = 994.5ft-k 
 
 F’c = 4ksi fy = 60ksi  ρ = .0124 d = 20.5–2.5 = 18” 
 
 Mu ≤ ᶲMn = [ᶲρbd2fy(1-.59 ρ(fy/f’c))](1/12) 
 
 994.5*12 = .9*.0124*bd2*60*(1-.59*.0124*(60/4) 
 
 bd2 = 20019.5  d = 18” b = 61.78” -> 66” 
 
 WuGIRDER = (1.2*66*30*150)/144 = 2.48klf 
 
 MuGIRDER = 994.5 + (2.48*302)/8 = 1273.5ft-k 
 
Steel Design: 
 
 Mu = ᶲAsdfy(1-.59 ρ(fy/f’c) 
 
 1273.5 = [.9*As*18*60*(1-.59*.0124*(60/4))]/12 
 
 As = 17.86  Use: (8) #18 
 
Deflection: 
 
 I = bh3/12 = (66*183)/12 = 32076 in4 
 
 wu = ((8.84+2.48)/12)*1000 = 943.33lb/in 
 
 Δ ≤ (30*12)/240 = 1.5” 
 
 Δ = (5wul4)/(384EI) = (5*943.33*304)/(384*3.6E6*32076) = .000087” 
 
 .000087” ≤ 1.5” 
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Floor System #2: Pre-stressed Pre-cast Concrete Slab 
 

Dead Load = 25psf Live Load = 100psf wu = 1.2(25)+1.6(100) = 190psf  
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Floor System #3: Post-tensioned Concrete Slab 
 
 F’c = 4ksi  2’x2’ columns 
 
 Column strip = ½ short span = 30/2 = 15’ 
 
 Thickness of slab = span/depth ratio = 45 
  57.5(12)/45 = 15.33 = 15.5” slab 
  
 Dead Load = 150*(15.5/12) = 218.75psf Live Load = 100psf 
 
 
N-S: 
 
 l1 = 57.5’ l2 = 30’ ln = 55.5’ wo = 318.75psf 
 
 Mo = wol2ln

2/8 = (.318*30*55.52)/8 = 3681.75ft-k 
 
 End Span   Moment 
  Ext. Neg.   .65Mo = 2393.2ft-k 
  Positive   .35Mo = 1288.7ft-k 
  Int. Neg.   .65Mo = 2393.2ft-k 
 
 S = bd2/6 = (12*15.52)/6 = 480.5in3 
  
 ftmax = 7.5*sqrt(f’c) = .474ksi 
 
 A = 15.5(12) = 186in2 
 
 fc = .6f’c = 2.4ksi 
 
 emin = (15.5/2)-1 = 6.75” 
 
 Support: 
  
 ftmax = Mo/S – Pe/A – Pee/S  fc = -Mo/S – Pe/A + Pee/S 
 
 .474 = (2393.2(12))/(480.5*28.75) – Pe/(186*28.75) – (Pe*6.75)/(480.5*28.75) 
 
  Pe = 2375.67k 

 
 -2.4 = -(2393.2(12))/13814.4 – Pe/5347.5 + (Pe*6.75)/13814.4 
 
  Pe = -1063.3k 
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 Mid-span: 
   
 ftmax = Mo/S – Pe/A – Pee/S  fc = -Mo/S – Pe/A + Pee/S 
 
 .474 = (1288.7(12))/13814.4 – Pe/5347.5 – (Pe*6.75)/13814.4 
 
  Pe = 955k 

 
 -2.4 = -(1288.7(12))/13814.4 – Pe/5347.5 + (Pe*6.75)/13814.4 
 
  Pe = -4240.3k 
 
 Post-tension: 
 
 Pemin = 2375.7k   Pei = 35k 
 
 Pe/Pei = strands   Strands = 2375.7/35 = 67.9 
 
 68 strands for post-tension   Pe = 68*35 = 2380k -> ok 
 
 (30’(12))/68 = 5.3 spacing 
 
E-W: 
 
 l1 = 30’ l2 = 57.5’ ln = 28’ wo = 318.75psf 
 
 Mo = wol2ln

2/8 = (.318*57.5*282)/8 = 1791.9ft-k 
 
 Int. Support    
  65%    C.S.(75%) = 873.6ft-k 
  1164.8ft-k   M.S.(25%) = 291.2ft-k 
 Mid-span   
  35%    C.S.(60%) = 376.3ft-k 
  627.2ft-k   M.S.(40%) = 250.8ft-k 
 
 S = bd2/6 = (12*15.52)/6 = 480.5in3 
  
 ftmax = 7.5*sqrt(f’c) = .474ksi 
 
 A = 15.5(12) = 186in2 
 
 fc = .6f’c = 2.4ksi 
 
 emin = (15.5/2)-1 = 6.75” 
 



Technical Report 2 - October 24, 2008                 Jon Aberts                                     
Best Buy Corporate Building #4                               Faculty Advisor: Professor Boothby  
Richfield, MN         Structural Option 
 

Page 19 of 19 

 Support: 
  
 ftmax = Mo/S – Pe/A – Pee/S  fc = -Mo/S – Pe/A + Pee/S 
 
 .474 = (873.6(12))/13814.4 – Pe/5347.5 – (Pe*6.75)/13814.4  
  Pe = -79.9k 

 
 -2.4 = -(873.6(12))/13814.4 – Pe/5347.5 + (Pe*6.75)/13814.4 
 
  Pe = -13398k 
 
 Mid-span: 
   
 ftmax = Mo/S – Pe/A – Pee/S  fc = -Mo/S – Pe/A + Pee/S 
 
 .474 = (376.3(12))/13814.4 – Pe/5347.5 – (Pe*6.75)/13814.4 
 
  Pe = -919.3k 

 
 -2.4 = -(376.3(12))/13814.4 – Pe/5347.5 + (Pe*6.75)/13814.4 
 
  Pe = -14830.4k 
 
 No post-tensioning needed. 


