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EXECUTIVE SUMMARY 
 

The 127 year old School Without Walls, located in the heart of the George 
Washington University campus in Washington D.C. underwent a modernization and 
expansion project in 2008. This provided the high school with up to date electrical 
and mechanical systems, a 68,000 square foot addition along the south and east sides 
of the existing building, and an overall LEED gold rated facility. 
 
This second technical report for the School Without Walls project investigates the 
current floor system, and three alternative floor systems.  For the analysis, an interior 
34’x32’ bay, located on the south side of the existing building was chosen.  For this 
assignment, the calculations and analysis are considered preliminary; therefore 
assumptions concerning the bay size were made due to the complexity of the 
cantilever slab and differing bay sizes.  The calculations for the analysis and 
assumptions made can be located in the appendices at the end of the report.   
           
The existing floor is a composite steel system.  The deck is a 2” 20 gage LOK floor 
with a 3.25” light weight concrete topping.  Long headed shear studs, measuring ¾” 
x4” are used for composite action of the floor system.   
 
 The floor systems which are further investigated in this report are: 

- Two- Way Slab with Drop Panels 
- One-Way Slab with Concrete Beams 
- Pre-Cast Hollow Core Planks on Steel Beams 

 
After completing a preliminary analysis of these floor systems and making 
comparisons based on their ease of constructability, the slab depth, the total 
construction depth required, fireproofing, lead time, structure impact and total 
construction cost, it was determined that the two most viable alternate floor systems 
are the two way slab with drop panels and the precast hollow core plank system on 
steel beams.   
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The hollow core plank system is worth further and a more intense investigation due to 
its relatively easy constructability, long span capabilities, cost efficiency, and LEED 
recognition.  The two way flat slab system with drop panels is also worth a more in 
depth analysis due to its relatively small construction depth and fireproofing 
attributes.   
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 INTRODUCTION 
 
The Grant School has stood in the heart of the George Washington University 
campus since 1882 and has housed the School Without Walls since 1977. The 
"School Without Walls" name comes from the encouragement for students to use 
Washington D.C. as an active classroom, thus not restraining learning to the walls of 
the school.  
 
The original 32,300 square foot, three story school was in dire need of modernization 
and expansion due to the increasing number of students and outdated mechanical and 
electrical equipment. The 68,000 square foot addition and renovation blends the 19th 
century school with a modern design.  This is achieved by combining existing brick 
patterns with glass, steel and curtain walls.  The School Without Walls project is 
expected to receive LEED Gold Certification. 
 
The existing three story school is made up of four large classrooms per floor, one at 
each corner of the square building. The new addition of the school provides an 
additional two large classrooms on each floor, an open atrium space, a large student 
commons, roof terrace area and a library. The basement was also reengineered and 
redesigned to serve as scientific laboratories for the school.  
 
The purpose of this technical assignment is to investigate and analyze alternate floor 
systems for the School Without Walls.  From this report, the most suitable alternate 
floor systems will be highlighted and noted for a more in depth analysis based on ease 
of constructability, the slab depth, the total construction depth required, fireproofing, 
lead time, structure impact and total construction cost.   
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LOADS 
 
Live Loads 
 

Load Description Load 
Administrative Office 50 psf+20psf 
Classrooms  40 psf+20psf 
Corridors Above First Floor 80 psf 
First Floor Corridors 100 psf 
Student Commons  100 psf 
Storage 125psf 
Stack Room 150 psf 
Roof Load 30 psf + add’l snow drift 
Mechanical Room 150 psf 
Roof Terrace 100 psf 

 
Dead Loads 
 

Load Description Load 
Metal Decking 20 Gage 3 psf 
Normal Weight Concrete 150 pcf 
Light Weight Concrete 110 pcf 
Finishes 5 psf 
M/E/P 10 psf 

 
Snow Loads 
 

Load Description Design Load and Factors 
Ground Snow Load Pg= 25 psf 
Snow Exposure Factor Ce= 0.9 
Snow Importance Factor I= 1.1 
Thermal Factor Ct= 1.0 
Flat Roof Snow Load Pf= 17.3 psf 
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CODE AND DESIGN REQUIREMENTS 
 
Codes, materials, and computer programs used for Technical Report 2 

• International Building Code 2006 
• AISC Steel Construction Manual 13th edition  
• ACI 318-05 
• CRSI Handbook 2005 
• PCA Slab 
• PCI Design Handbook 
• RS Means 
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MATERIALS 
 
Structural Steel: 
 Wide Flanges...………...….....…………......ASTM A-572 or A-992, Grade 50 
  Channels, Angles, Plates………………...………………….…… ASTM A-36 
 Hollow Structural Sections (HSS)……..…….………...ASTM A-500, Grade B 
 Pipes………………………..………..……ASTM A-53, Type E or S, Grade B 
 
Metal Decking: 
 2” Composite Metal Deck………….…………………………. ……..20 Gage 
 
Bolts: 
 High Strength Steel Bolts……...………………ASTM A-325 or ASTM A-490 
 Anchor Bolts……………………….…………….….ASTM F-1554, Grade 36 
 
Concrete: 
 Over Composite Metal Deck……………………..……..............f’c = 4,000 psi 
 Grout for CMU walls…………………….……………………. f’c = 3,000 psi 
 All Concrete Components U.O.N…………………….………...f’c = 4,000 psi 
 
 
 
Reinforcing Steel: 
 Reinforcing Bars……………………..…………….…ASTM A-615, Grade 60 
 Welded Reinforcing…………………..………………ASTM A-706, Grade 60 
 
Wood: 
 All Wood U.O.N…….....…………………………… No. 2 Hem-Fir (North) 
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EXISTING STRUCTURAL SYSTEM 
 

 
 
 
 
 
The 68,000 square foot addition to the School 
Without Walls project is located in blue in Figure 
1. Due to expansion joints located at the interface 
of the addition and the existing building, the 
structural systems work independently.  This 
expansion joint can be viewed in Figure 2.  As 
stated in the drawing, along the expansion joint 
along the east side of the existing building is 4”, 
and is 2” along the south side.   
 
 

N 

School Without Walls Addition Area 

G Street 
Figure 1: Floor Plan Showing Expansion 

Figure 2: Expansion Joint Detail
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The new addition to the School Without Wall itself is divided by an expansion joint; 
therefore creating a total of three self supporting structural systems.  This division of 
the new addition can be viewed in Figure 3. These spaces will be referred to as “Area 
1” and “Area 2” throughout this report, as located on the Figures 3 and 4. 
 
 
 
 
 
 
 

 
 
 
 
 

Area 2 

Area 1

N 

G Street 
Figure 3: Floor Plan Showing Building Separation 
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Foundation 
 
The geotechnical engineering study was performed by Thomas L. Brown Associates, 
P.C. on January 28, 2007.  After performing a series of in-situ tests, considering the 
lab test results, anticipated loads, and settlement analyses, a shallow foundation 
consisting of reinforced cast-in-place 
spread footings and grade beams was 
deemed appropriate.  Based on the 
testing and analysis, the footings should 
be designed for an allowable bearing 
capacity of 3.0 ksf.   Typical footings of 
the addition are 2’ 6” wide by 2’0” deep 
and rest on compacted earth 3’0” below 
the top of the slab-on-grade.  Grade 
beams are also used in the foundation 
of the new addition.  The beams  
 
 

G Street 

Area 2 

Area 1 

Figure 4: West Elevation 

Figure 5: Underpinning Detail
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measure 30”x30” along the east side and 30”x24” along the south side of the building.   
 
Due to the increased load and the disruption of earth, underpinning the existing 
footings of the school became necessary.  An underpinning detail is located in Figure 
5. The underpinning sequence will be performed in sections no larger than 4 feet 
wide, approximately spaced 12-15 feet apart.       
 
 Lateral System 
 
The lateral system of School Without Walls works as three different systems due to 
expansion joints as stated before and show in Figures 3 and 4.  The two story structure 
supporting the outside roof terrace, Area 1 acts independently, as well as the four story 
structure supporting the library, Area 2.   
 
Area 1 utilizes lateral braced frame for lateral support, comprised of HSS6x6x3/8 
sections.  Area 2 uses a combination of an HSS braced frame, ranging from the 
ground to the roof level, and shear walls around both the elevator core and the stair 
core.  The stair core creates a 12” concrete shear wall, and the elevator core creates an 
8” concrete shear wall located in blue and red respectively in Figure 6.  The lateral 
braced frame locations are located in green in Figure 6. 
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N 

ANALYZED 
BAY FOR 

TECH REPORT 
2 

Figure 6: Lateral Systems
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Floor System 
 
For the purposes of this report, the bay located in orange in Figure 6 will be analyzed 
for alternate floor system comparison.  This bay is located in “Area 1” and measures 
34’x32’.  The structural system supporting the first floor student commons will be 
investigated.  A more detailed description of this bay is located below in Figure 7.   
 
The columns are set back 8 feet from the face of the existing building, creating a 
cantilever.  Moment connections at this column line, located as        in Figure 7, 
are required to support the cantilevered slab.  The beams terminate at a 12” structural 
concrete wall at the south end of the frame and are connected through the use of 
bearing plates. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

N 

Figure 7: Analyzed Bay 
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Composite Metal Deck (Existing Structure) 
 
Material Properties: 
Concrete: 3.25” LWC topping 
  f’c = 4,000psi 
Decking:   2” LOK- Floor 
  20 Gage 
Loading: 
Dead (self weight):  41psf 
Live:   100psf   
Superimposed:  25 psf                                             

 
 

 
Description: 

The floor system of School Without Walls is a composite steel system.  The floor slab 
of the new addition is 3 ¼” LWC topping over a 2” 20 GA composite steel floor 
decking, bringing the total floor slab to 5 ¼” thick.  Along the top flange of the beam, 
¾”x4” long headed shear studs are used for composite action.  A section of this floor 
system is shown above in Figure 7.   
 
A bay located in “Area 1”, supporting the first floor was analyzed and spot checks were 
performed on the joists and girders.  These spot calculations can be located in 
Appendix A of this report. The steel beams and girders are both wide flange shapes 
and range from W16 to W24 sections.  Currently, the height from the basement floor 
to the top of the slab on the first floor is 11’ 10”.  The floor of the basement to the 
ceiling is 9’, leaving a total of 2’ 10”, or 34” of room to contain the structure, 
mechanical and electrical systems.  With the 5.25” total slab thickness, the total depth 
of this structural system is 30.25”  
 
 

Figure 7: Typical Compostite Steel Construction 
(www.epitech.com) 



Shaun Kreidel                                                         School Without Walls  
Structural Option  Washington D.C.  W
AE  Consultant: Dr. Linda Hanagan 
10/28/09 

Technical Assignment   2 
 

16   

 

Advantages: 
 
This floor system takes advantage of a composite action and light weight concrete, 
thus creating an overall light structure for long spans. Because of the relatively light 
weight, the foundations size is kept to a minimum.  This floor system is commonly 
used in the industry and is relatively easy to construct.  
 
Disadvantages:  
 
Spray fireproofing is required for the steel members to reach the specified fire rating, 
which ranges from one to two hours.  The depth of this floor system is also a concern 
because of the small clearance area between the bottom of the steel member and the 
ceiling of the floor below.  A larger clearance area results for an easier coordination of 
the mechanical and electrical systems.   
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TWO WAY FLAT SLAB 
 
Material Properties: 
Concrete floor: 11” NWC slab 
   f’c = 4,000psi 
Drop Panels:   3.5” thick 
 
Loading: 
Dead (self weight):  137.5 psf 
Live:   100psf   
Superimposed:  25 psf                                             
 
 
 
Description: 
 
For the analysis of the two way flat plate system, bays are assumed to be equally spaced 
apart for calculation simplification, bringing each bay to measure 30’x32’.  Punching 
shear and wide beam action were checked through hand method calculation can be 
referenced in Appendix B of this report. The depth of the drop panels were estimated 
to be 3.5”.  The resulting depth of this system is 14” including the slab and drop 
panels. This dimension however does not take into account the presence of the 
column capital.  Using the CRSI Handbook 2005 for a 32’x32’, it was estimated that 
the total depth of the drop panel for a system without the use of column capitals was 
10.25”.  The total depth of construction based on this design aid is 21.25”.  
Reinforcement for this system was determined by using PCA Slab.  It was determined 
that #5 bars would be appropriate for this floor system.  An output of this analysis can 
be also located in Appendix B of this report. Columns for this system are estimated to 
be 20”x20”, as determined from the CRSI Handbook.   
 
 
 

Figure 8: Two Way Flat Slab With Drop Panels 
stommell.tamu.edu 
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Advantages: 
 
This floor system is very attractive to a designer due to its reduced construction 
depths.  When using this system, more clearance for the mechanical and electrical 
systems are provided and therefore creates an easier coordination of these systems.  
There is no additional fireproofing required for this type of floor system, which 
eliminates labor and material cost.  Concrete systems are very applicable to 
Washington D.C. due to the height restrictions in the area.  Because of the large 
number of buildings in the area utilizing this structural system, skilled labor in this 
field is readily available.   
 
Disadvantages: 
 
This structural system adds significant weight as compared to the existing structural 
system.  This extra dead load may have a significant impact on the current foundation 
which would have to be investigated further.  The structure would require formwork 
and shoring of the floor slab and column drop panels, both not needed in the existing 
structure, therefore labor costs may increase.   
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ONE WAY SLAB 
 
Material Properties: 
Concrete floor: f’c = 4,000psi 
   4.5” thick 
Beams:   5’ spacing 
   12”x16” 
Girders:  20”x26”  
     
Loading: 
Dead (self weight):  41psf 
Live:   100psf   
Superimposed:  25 psf                                             
 
 
Description: 
 
Calculations for this analysis, similar to those in the two way slab analysis, were 
performed on a 30’x32’ bay.  All bays of the floor system are assumed to be equal for 
this investigation.  A 4.5”normal weight concrete floor slab was chosen for this system.  
Beams for this concrete floor system run in the east-west direction and have a 
tributary width of 5’.  A 12”x16” rectangular beam using #7 bars and #3 stirrups for 
reinforcement appears appropriate for this application.  The girders, which support 
the beams, measure 20”x26” and will require (5) #11 bars at the interior column 
location.  The total floor construction depth due to the girder depth is 26”.  In the 
analysis, the cantilevered section was not investigated because, by inspection, the 
20”x26” would be the controlling member in the depth of the structural system.    
 
 
 
 

Figure 9: One Way Slab 
pages.drexel.edu 
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Advantages: 
 
The floor depth when utilizing this floor system would be decreased, allowing for 
more room for mechanical and electrical equipment.  No additional fireproofing will 
be necessary for the concrete construction.   
 
Disadvantages: 
 
The disadvantages for this system outweigh its advantages, mainly due to its intensive 
amount of formwork required for beams and slab.  The spans required in this building 
are too long to construct an efficient solid slab, therefore a combination of beams and 
girders must be used.  This system results in a labor intensive process and a longer 
time of construction creating significantly higher cost. The foundation will likely be 
majorly affected due to the large increase of dead load from the system.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Shaun Kreidel                                                         School Without Walls  
Structural Option  Washington D.C.  W
AE  Consultant: Dr. Linda Hanagan 
10/28/09 

Technical Assignment   2 
 

21   

 

PRECAST HOLLOW CORE PLANK ON STEEL BEAMS 
 
Material Properties: 
Concrete: 4’-0”x 6” with 2” NWC topping 
  f’c = 5,000psi 
Tendons:  87-S 
  fpu = 270,00 psi  
 
Loading: 
Dead (self weight):  74 psf 
Live:   100psf   
Superimposed:  25 psf                                             
 

Description: 

Pre-cast hollow core planks were analyzed due to their long span ability, and easy 
constructability.  For my design of the selected bay, located in “Area 1”, I have chosen 
to run the slab in the north-south direction due to the presence of the 8 foot 
cantilever.  When designing for “Area 2” planks would run in the east-west direction 
to account for the same cantilever issue.  These planks are fabricated in 4 foot sections, 
which either requires the adjustment of columns or the need for infill between planks.  
The plank chosen for the bay design is a 6” thick with a 2” normal weight concrete 
topping using 87-S tendons.  This particular plank has 8 straight tendons which are 
7/16” in diameter.  The plank is fire rated between 1 and 2 hours.  Steel beams and 
girders will support the load for the plank.  A moment connection will occur at each 
column along the existing building wall in order to account for the moment created 
by the cantilever.  Steel beams for the selected bay range from W14 to W24 sections.  
Calculations showing loading, beam calculations and construction costs can be found 
in Appendix D of this report.  
 
 

Figure 10: Hollow Core Slab 
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Advantages: 
 
Due to hollow core planks ability to span relatively large distances, numerous steel 
beams are eliminated that are necessary for the existing structure. Because the plank is 
fabricated off site, it can be installed in any weather condition. Using this construction 
method is also labor efficient due to the fact that formwork is not needed.  Hollow 
core pre-cast plank also is considered a LEED rated system, which complements the 
LEED gold rating for the School Without Walls.   
 
Disadvantages:  
 
Due to the large lead time due to ordering and shipping, careful planning and 
coordination is essential to the project.  This can affect the coordination of the other 
trades on the construction site.  Another disadvantage is the large floor depth.  After 
analyzing the typical bay, I determined that the floor depth is 38”, which will affect 
the ceiling heights.  This depth can be reduced; however, it will call to use a less 
efficient steel member.  Even though the plank is fire proofed, the steel members still 
call for the necessary fireproofing.   
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CONCLUSION 
 
 Floor Systems 

Existing 
Composite Slab 
on Steel Beams 

2-Way Slab 
With Drop 

Panels  

One- Way 
Slab 

Hollow Core 
Plank on 

Steel Beams 
Slab Depth (in) 5.25” 11” 4.5” 8” 
Total Depth (in) 29.25” 21.25” 26” 32” 

Effect on Column grid No No Possible Possible 
Lead Time Medium Short Short Long 
Formwork No Yes Yes No 

Construction Difficulty Medium Medium More Difficult Easy 
Impact on Foundation -- Major Major Little 

Fireproofing Req’d Yes No No Yes 
Fire Rating 2hr 2hr 2hr 2hr 
Cost per ft2 $12.37 $12.30 $13.38 $8.42 

Viable Alternative -- Yes No Yes 
Additional Study -- Yes No Yes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Shaun Kreidel                                                         School Without Walls  
Structural Option  Washington D.C.  W
AE  Consultant: Dr. Linda Hanagan 
10/28/09 

Technical Assignment   2 
 

24   

 

In the second technical report for the School Without Walls expansion and 
modernization project, the existing and three alternative structural floor systems were 
studied and analyzed.  The ease of constructability and the potential for spanning 
large distances were very important factors when determining whether or not a system 
was a viable alternative.   
 
After investigating the floor systems, it appears that the 2 way slab with drop panels 
and hollow core plank on steel beams are the most appropriate alternatives.   
 
The ability of hollow core plank to span relatively large distances is attractive because 
numerous steel beams are eliminated.  The system is also a relatively light system, 
which would minimize the amount of alterations in the foundation system.  The 
depth of the system is the main concern of the structure and will have to be further 
investigated. 
 
The benefits of the two way slab with drop panels comes from its reduced 
construction depths.  When using this system, larger clearances for the mechanical 
and electrical systems are possible, therefore creating easier coordination of these 
systems.  The main disadvantage to this system is the amount of dead load that it will 
create on the foundation of the school.  Further analysis must be done in order to 
investigate this issue. 
 
The one way slab will not be investigated further and is eliminated an alternative floor 
system option. The spans required in this building are too long to construct an 
efficient solid slab, therefore a combination of beams and girders must be used.  This 
system results in a labor intensive process and a longer time of construction creating 
significantly higher cost. The foundation will also likely be majorly affected due to the 
large increase of dead load from the system.   
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APPENDIX A 
 
Composite Steel System 
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APPENDIX B 
 
Two Way Slab With Drop Panels 
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Figure 10: Reinforcement Design
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Figure 11: Deflection Calculation
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Figure 12: NRCI Design Guide
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APPENDIX C 
 
One Way Slab 
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APPENDIX D 
 
Hollow Core Plank on Steel Beams 
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 Figure 13: Hollow Core Slab
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