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Executive Summary 

 
For this assignment I will be analyzing four alternative systems for my building, Sallie Mae HQ.  Sallie Mae is located in Reston, Virginia and consists of an underground parking garage and a 9 story office building.  

The parking garage was left out for this assignment due to the fact that it will remain concrete and alternative systems seem impractical.  On the other hand, I analyzed a typical floor for the office building portion of Sallie 
Mae.  The existing system for the office building is structural steel with a high quantity of cambered beams.   The controlling factor for the design of all my systems would be the 45’-55’ spans of the exterior bays spanning E-
W.  For the purpose of this assignment I simplified a strip in the E-W direction into a set of rectangular bays.   

My alternative systems are post-tensioning, steel joist, precast concrete, and steel framing.  For this design I came to the conclusion that post-tensioning won’t work for slabs less than 13” deep because of the long 
spans.  Also increasing slab depth over 14” would be very uneconomical due to the self-weight of the slab.  Also the long exterior span is followed by a short 25’ middle span which causes the tendon profile to be critical in 
my design.  For post-tensioning to work 2-4 strands of ½ in. diameter, 7 wire, 270ksi strands are needed per foot of width.  This makes post-tensioning a very possible solution.   

The next two systems ended up with solutions that required 32” of structural depth.  For the one way joist system a 32LH12  LH-SERIES JOIST is needed, and 4 rows of horizontal bridging is required with 16’ max 
spacing.  Also the decking could be reduced to a total depth of 4” due to the 4’ spacing between the joists.  Another concrete system that seemed reasonable was precast double tees.  From analyzing Nitterhouse Concrete 
product catalog’s, I picked a 32” x 12” Double Tee with .6 in. diameter, 7 wire, 270ksi strands. 

The steel beam layout of the existing system was originally spaced at 9’o.c.  So I attempted to change that spacing to 7’.  The beam size needed for a 53’ span was a W24 x 76 due to the fact that deflection controlled 
the design.  It seemed that a lot of strength was being wasted on deflection, and I can understand why the original design had W27 x 84’s spaced at 9’ and cambered to resist that deflection.  This design seemed to be a failure 
do to the fact that an extra beam per bay for 9 stories would be very costly. 

Overall an alternate steel system is not a very efficient design, the joist and double tees are still probable, but post-tensioning seems like the forerunner for the best alternative design.  This is due to the fact that there is 
a possibility because of the small depth compared to the existing systems, that another floor can be added to the building.  In the long run this extra floor can offset any additional construction cost of the post-tensioning 
system. 

 
 

  
 

 
   

   

Technical Assignment 2 
 
 
 
 

Sallie Mae HQ is located in Reston, Fairfax County, Virginia.  Sallie Mae consists of a steel tower office building and a concrete parking garage.  The office building is nine stories above grade and has a ground print 
of approximately 25,000sf.  The parking garage reaches five stories below grade and is approximately 75,000sf.  Due to the fact the parking garage must remain concrete makes it invaluable for this assignment.  Instead I will 
analyze a typical floor of the office building. 

The office part of Sallie Mae mostly consists of floors that resemble the typical floor below.  There are four lines of columns along the long direction (N-S), and girders also span between those columns in the N-S 
direction.  The beams span E-W, and reach spans up to 55 ft.  These longer spans require camber due to deflection.  The typical floors are made up of 3.25” lightweight concrete over 2” Deep x 18 gage galvanized composite 
metal deck.  The connections consist of primarily simple shear connections with the exception of very few moment connections.  Furthermore, there is no typical bay in the system due to the fact that the outside of the 
building consistently slopes.  So to analyze the alternate systems of this building I assumed that the bays were rectangular.   
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Alternate Systems: 
 

1. Post-Tensioning 
2. One way joist system 
3. Precast concrete 
4. Steel Framing 

 
 
Loads: 

• Live Load = 80 PSF 
• Dead Load = (Varies with system) 
• SIDL = 20 PSF 
• Facade Load = 15 PSF (was not included in calcs) 

 
 
Codes and catalogs used: 

• ACI 318-05 
• LRFD 3rd edition 
• United Steel Deck catalog 
• NCJ joist catalog 
• Nitterhouse Concrete Products 

 
 
 

 
 
 
 

Alternate #1     Post-tensioning 
 

Structural Details 
½ in. diameter, 7 wire, 270ksi strands 
2 – 4 strands need per foot of width 
5000psi - 6000psi concrete required 
13 – 14 inch slab thickness 
 
Description: 
When examining my structure for the consideration of post tensioning I came to the conclusion that special considerations need to be taken for my building.  I began designing with a flat-plate two-way system and came to the 
conclusion that a 13” to 14” slab must be used to allow for a parabolic tendon profile with maximum drape for the exterior span.  Designing this system seemed to be more difficult then expected due to the 53’ span being 
directly followed by a 25’ span.  If continuous tendons were run across all three spans then the middle span would control the design due to uplift. (As shown below)  



 
 
The most practical solution to preventing uplift for the middle span is to design a tendon profile that actually pushes down on the slab.   
 

 
 
Benefits: 
14” thickness 
High weight will prevent vibration 
 
Downfalls: 
Expensive installation 
 
Special considerations: 
If the columns and slabs are the same strength concrete, construction would be safer and faster. 

 
 
 

Alternate #2     One way joist system
 

Structural Details 
32LH12   LH-SERIES JOIST 
4 Rows of horizontal bridging required, 16’ max spacing  
20 gage B-LOK deck a with lightweight slab depth of 4” 
 
Description: 
Joists are very inexpensive and seemed like a reasonable alternative due to there long span capabilities.  As shown below joist on the exterior left span are spaced at 4’ and the joist on the other two spans are spaced at 7’.     
 
Benefits: 
Low self weight 
Cheap cost of installation 
 



Downfalls: 
32” depth 
  
Special considerations: 
Bridging is critical  
 
 

 
 

 
 
 
 

Alternate #3     Precast Concrete
 
Structural Details 
32” x 12” Double Tee 
.6 in. diameter, 7 wire, 270ksi strands 
10 parallel strands per leg 
6000psi concrete 
 
Description: 
Another concrete system that can be used with the long spans of Sallie Mae is precast concrete.  To decide which member to use, I simply used the NitterHouse design tables.  The Double Tee shape was the only precast 
member that could handle long spans and referring to their charts I chose a 32” x 12” Double Tee with no topping.   
 



 
 



 
 
 
 
 
 
Benefits: 
Low self weight 
Cheap cost of installation 
 
Downfalls: 
Expensive connections and custom made designs 
32” depth 
 
Special considerations: 
Special designs may need to be made due to the odd slope of the exterior 
 

 
 
 
 
 
 
 

Alternate #4     Steel Framing
 
Structural Details 
W24 x 76 beams 
7’ spacing 
20 gage B-LOK deck with a lightweight slab depth of 4” 
 
Description: 
The existing design of Sallie Mae had the cambered beams spanning E-W, spaced at 9’ on average.  I decided to try spacing these beams at 7’ spacing with the aid of RAM.  This reduction allowed for the decks spanning 
perpendicular to the beams, to be made lighter.  This alternative design also allowed W27 x 76 (non-cambered) beams to be used.    
 
Benefits: 
Reduced deck size from 5.25” to 4” 
 
Downfalls: 
This system due to the increase in number of beams will be more expensive.  This includes the cost of steel and the cost of labor. 
A possible reduction in fire rating 
 
Special considerations: 
Vibration may be dampened by the closer spacing of the beams, but may be increased by the smaller deck size 
 
 



 
 
 
 
 
 Cost of building 

(1 - 5=Expensive) Constructability Depth of system Fire Protection Vibration Continue Analysis 

Existing Steel System 
3 NA 27” Required fireproofing NA NA 

Post-Tensioning 
5 

Difficult procedure for 
building but very 

possible 
14” Very Good Very Good YES 

One way joist system 
1-2 

Very easy installation 
but difficult to get to 

site 
32” Needs fireproofing Not sure - Good YES 

Precast Concrete 
2-3 Easy installation but 

difficult to get to site 32” Good Not Sure - Good YES 

Alternate Steel System 
3 OK 24” Need fireproofing May be a problem due 

to thin decking NO 

 
 
Remarks:  
 
Overall an alternate steel system is not a very efficient design, the joist and double tees are still probable, but post-tensioning seems like the forerunner for the best alternative design.  This is due to the fact that there is a 
possibility because of the small depth compared to the existing systems, that another floor can be added to the building.  In the long run this extra floor can offset any additional construction cost of the post-tensioning system. 
 



 
Appendix A – Typical Floor 





 
 

Appendix B – Chart Used 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 
 
 

Appendix C – Calculations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




































	Bound 1.pdf
	calc tech 2.pdf
	6.bmp
	7.bmp
	8.bmp
	9.bmp
	10.bmp
	11.bmp
	12.bmp
	13.bmp
	14.bmp
	15.bmp
	16.bmp
	17.bmp
	18.bmp
	19.bmp
	1.bmp
	2.bmp
	3.bmp
	4.bmp
	5.bmp

	Typical Floor.pdf
	Doc1.pdf

	Appendix B.pdf



