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Executive Summary:  
 
Pro-Con Structural Study of Alternate Floor Systems is an investigation into possible 
alternative structural systems for Lexington II in Washington, D.C. For this report, 
several structural systems were designed and analyzed for the existing conditions in 
Lexington II. The results of the system designs were then compared with various criteria 
to determine which system is structurally the most feasible redesign for Lexington II. 
 
 The existing system for Lexington II is a two-way flat plate slab system. This 
system is structural the thinnest possible floor slab, an important consideration in 
Washington, D.C. where zoning requirements restrict height. 
 
Other systems evaluated and designed as alternatives for Lexington II include; 

• One-Way Flat Slab 
• One-Way Joist System 
• Concrete Slab on Steel Deck and Steel Framing 
• Composite Slab 
• Pre-cast Floor Slab 

 
The first issue to arise was the need to regulate the existing column grid. To 

design the alternative systems, a new column grid was assumed with larger spans. Other 
issues looked at were effects of each system on foundation, lateral design, vibrations, and 
fireproofing. All designs proved to be either lighter or similar to the existing two-way 
slab in weight, creating no dramatic change in foundation. Also, all of the alternative 
designs can work well with the existing shear walls as lateral support. Some systems may 
be able economize the lateral system by redesigning the framing system as either moment 
or braced frames. Fireproofing and vibrations caused no major issues among any of the 
floor system analyzed.  

 
The controlling factor in determining feasibility of a new structural system was 

floor sandwich depth. This found that either a one-way joist system or a composite 
system were the best choices for a building redesign. 
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Introduction: 
 
 Lexington II at Market Square North is a residential tower located in the historic 
quarter of Washington, D.C. With a floor area of 72,000 square feet, Lexington II is 12 
stories high with three below grade levels of parking and retail.  
 Although a larger metropolis building, Lexington II is primarily residential and 
therefore has residential loads most of its levels. The only large loads on Lexington II are 
those of the public areas such as lobbies and retail spaces. There is also one loading dock 
for trucks which would carry a larger load. 
 
From ASCE7-02 
 
Dead Load: 
 Substructure Slab (10”)…………….125psf 
 Superstructure Slab (8”)……………100psf 
 Mechanical/ Lighting…………………5psf 
 Finishes……………………………...15psf 
 Partitions……………………………included in live load, see below 
 
Live Load: 
 Roof………………………………...20psf   
 Public Levels/ Stairs………………100psf  (ASCE7-02) 
 Mechanical………………………..150psf (Common assumption) 
 Lobbies……………………………100psf (ASCE&-02) 
 Residential Levels………………….40psf + 20psf (for partitions) 
 
 Washington DC has strict height requirements on all of the buildings constructed 
there. In the downtown district where Lexington II is located, a height cap of 130’ has 
been placed on all buildings. Because of this restriction, concrete structural systems 
which reduce the total amount of floor sandwich in a building are commonly used.  
 In keeping with DC practice, Lexington II currently uses a two-way flat plate slab 
across small sized bay to minimize the depth of its floor sandwiches.  
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Existing Lexington II column plan 
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Existing Structural System: 
 
 The basic structural system of Lexington II is two-way flat plate slab supported 
by columns. The existing system of Lexington is complicated by offset columns in many 
locations. Other irregularities of the structural system are the presence of edge beams 
along the flat-plate slab in a very limited number of locations and drop panels located 
beneath the truck bay. 
 
FOUNDATON: 
 The foundation of Lexington II is a MAT foundation with thickness of 3’-6”. This 
foundation is constructed of 5000psi compressive strength concrete and reinforced with 
grade 60 reinforcing bars. The reinforcing bars are #8 bars located every 9” o.c. with #11 
top bars placed where needed. The MAT foundation sits on original soil and structural fill 
of 8000psf except for the southern wall which on HP 14 x 89 piles every 5’ on center. 
These piles are to avoid costly controls which would be needed to prevent undermining 
the preexisting building to which Lexington II abuts.  
 
GRAVITY SYSTEM: 
 The floors of Lexington II are two-way flat plate slab, and in most cases, 
unsupported by edge beams. The flat plate slab is 8” thick for all residential floors and is 
increased to 10” where greater loads occur on the lobby and parking levels. All slabs are 
constructed of 4000psi strength concrete. Typical slab reinforcement is a continuous 
bottom mat of grade 60 #4 bars every 12” with top reinforcement placed where needed.  
 
LATERAL SYSTEM: 
 The primary component of the lateral system is a core of shear walls located 
around the elevator and stair shafts. All shear walls are 12” thick and constructed of 
4000psi concrete. Shear wall reinforcement includes #4 bars every 12” on center. 
 However, the shear wall system alone is not enough to provide for the lateral 
loads Lexington II sees. The additional lateral strength in Lexington II comes from the 
framing system of monolithically poured columns connecting into the floor slabs.  
 
ADVANTAGES: 
 The current gravity system in Lexington II is a sensible choice for many reasons. 
Due to the small spans and light loads present, the existing floor system can be relatively 
very thin compared to most common structural systems. Two-way slab can also be made 
thinner than other systems because beams are not needed to support the floor.  The 
concrete system also eliminates the need for additional fireproofing added to the system. 
 
 
 
 



Alexis Pacella –Structural Option 
Dr. Schneider 
Lexington II, Washington D.C. 
Technical Report #2 
October 31, 2005 
                                                                                                                                            5 
 
DISADVANTAGES: 
 Although two-way slab is thin, it does not provide space for any MEP systems to 
run in, therefore a suspended ceiling must be run throughout the building adding 
additional depth to the floor sandwich. Another disadvantage of the current systems of 
Lexington II is the irregular placement of columns and beams to try and ensure a small 
floor sandwich. This irregular system prevents future changes in the floor layout. Two-
way slab also has a slow construction time. Form work must be placed throughout the 
building and the concrete must be poured, cured, and finished on time. Many alternative 
methods provide members produced offsite which must only be fastened together on site.  
 
 
Design of Alternative Systems: 
 
 The following is an investigation into other possible building systems which may 
have been used in Lexington II. Each system has been evaluated and compared with the 
existing system and the other alternative systems. 
 
 Systems Evaluated: 

• One-Way Flat Slab 
• One-Way Joist System 
• Concrete Slab on Steel Deck and Steel Framing 
• Composite Slab 
• Pre-cast Floor Slab 

 
The above systems were designed for a common floor with residential loading. 

The several systems, which could easily be designed for multiple loads, were also 
designed for the lobby as a brief comparison in the size and weight of members needed to 
carry the additional live load of the lobby. 

Criteria for determining feasible structural systems were based primarily on 
member size and weight and their effect on the floor sandwich. Due to the Washington, 
D.C. zoning restrictions, systems which greatly increased the buildings total height are 
impractical to consider. Other criteria the floor systems were compared with included 
ease and time of construction, effect on floor vibration, if fireproofing is required, and if 
the system works well with the existing foundation and lateral systems. Material cost can 
be estimated based on the weight of each system, remembering that in general steel costs 
more per pound than concrete. Construction cost can be thought of as greater for concrete 
due to the need for formwork and additional labor. 
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One-way slab: 
 

The first system analyzed for the Lexington II redesign was a monolithically 
poured one way concrete slab. One way slab was chosen for its ability to work with an 
irregular column grid and short span ranges. Other concrete systems such as one-way 
joist and waffle slabs were deemed unreasonable for the short span lengths in Lexington 
II.  
 Before starting the analysis, the only argument against one way slab was the 
almost square bays of Lexington II which are usually more characteristic of two-way 
slabs.  
 In order to design a one way slab, design aids from the CRSI handbook (2002) 
were utilized. 
 
LOADS:  
 Loads were determined in technical assignment #1 using ASCE 7-02. For 
designing one way slab using the CRSI handbook, loads were adjusted so that self weight 
was not included. Self weight was already taken into account by CRSI. The values in the 
CRSI tables are ‘total factored load was calculated, and reduced by the prescribed φ-
factors, from which 1.4 times the slab weight was deducted using a unit weight of 150 
pounds per cubic foot (pcf).’1   
 
  Live load: 60psf for residential floors 
  Dead load: 20psf for finishes and MEP 
 
  Wu= 1.2*(20) + 1.6*(60) = 120psf 
  Wu= 1.4*(20) + 1.7*(60) = 130psf (old LRFD factors) 
 
SPANS: 

 Spans for each bay were determined based on the largest span caused by offset 
beams. The one way slab was then taken to span the shorter direction in bay. Two spans 
seemed to prevail in almost every bay, 13’ to 13’-9” and 16’-1” to 16’-6”. As a 
conservation measure, I took the lengths which the one way slab spanned to be 13’-9” or 
16’-4”. To account for bearing, 4” was added to both of these values. 
 
DESIGN: 
 Repetitiveness is a key to economical one way slab design. For practicality, it was 
decided that a uniform slab thickness should be used for each floor slab. Using design 
aids from the CRSI, the minimum slab thickness for the largest span in an exterior bay of 
Lexington II was found. The results of this design were a 6 ½” slab with ρ= .005. The 

                                                 
1 CRSI Design Handbook 2002, Chapter 7- One Way Slabs: scope of load table, page 7-1 
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other bays were then designed for a 6 ½” slab with the minimum possible amount of steel 
reinforcement. The final design was as follows: 
 
 Exterior Bay, 17’      (CRSI p. 7-12) 
  6 ½” slab 
  ρ=.005 
  Top bars = #5 at 11” 
  Bottom bars= #5 at 12” 
  Temperature/ Shrinkage bars= #4 at 17” 
  Wu= 155 > 130psf 
 
 Exterior Bay, 14’, 6 ½” slab     (CRSI p. 7-17) 
  ρ=.005 
  Top bars = #5 at 11” 
  Bottom bars= #5 at 12” 
  Temperature/ Shrinkage bars= #4 at 17” 
  Wu= 282 > 130psf 
 
 Interior Bay, 17’, 6 ½” slab     (CRSI p. 7-12) 
  ρ=.005 
  Top bars = #5 at 11” 
  Bottom bars= #4 at 10” 
  Temperature/ Shrinkage bars= #4 at 17” 
  Wu= 182> 130psf 
 
 Interior Bay, 114’, 6 ½” slab     (CRSI p. 7-14) 
  ρ= minimum 
  Top bars = #4 at 12” 
  Bottom bars= #3 at 9” 
  Temperature/ Shrinkage bars= #4 at 17” 
  Wu= 154> 130psf 
 
 Deflections and ultimate stresses are taken into consideration in the CRSI design 
aids; therefore no additional checks of these values were required. 

Finally, concrete beams are needed to span in the 26’ length direction of the bays 
and to support the floor slabs. The load the beams carry includes the weight of the slab. 
The design of the beam, based on ultimate moments finds that the concrete cross section 
must be at least bd2=6190in3. This leaves several options such as a square beam 18” x 
18”, or the common standard of d=2b dictating a beam of 10” x 25”. The final beam 
design was 18” by 18”. This beam was chosen to reduce the floor sandwich without 
creating an overly wide beam. This will add an addition 18” to the floor sandwich. 
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Typical large bays spanned by beams 

 
 The beams were then checked with a deflection criteria of l/240. 

l/240 = (26.6*12)/240= 1.27 in. 
Actual deflection= 1.244 in < 1.27 

 This deflection is very close to the allowable, and therefore the beam will be 
redesigned to 15” x 20”, deflection = 1.08 inches. 

 
 
ADVANTAGES: 
 Works well on the smaller sized bays in Lexington II 
 Simple construction and formwork  
 No additional fireproofing 
 No change in foundation or lateral system necessary  
 
DISADVANTAGES:  
 A suspended ceiling is needed to hide MEP systems 
 Thin slab means vibration could become a problem 
 Floor sandwich= 6.5”slab plus 20” beam 
 Total weight=112psf 
 
 
 
 
 



Alexis Pacella –Structural Option 
Dr. Schneider 
Lexington II, Washington D.C. 
Technical Report #2 
October 31, 2005 
                                                                                                                                            9 
 
One-way Joist Floor: 
 
 Another concrete system to consider is a one way joist floor system. One way 
joist floors are known for their ability to reduce dead weight and reinforcement. 
However, one way joist construction is usually more efficient for longer spans. To 
remedy this, the column gird of Lexington II was changed for this analysis. Every other 
row of columns was eliminated, and the remaining columns were moved into an exact 
grid formation.2 

 
New Bay Lay Out 

 
LOADS: 
 Loads were determined in technical assignment #1 using ASCE 7-02. For 
designing one way joist floors using the CRSI handbook, loads were adjusted so that self 
weight was not included. Self weight was already taken into account by CRSI. An 
additional 2psf is added to the final self weight to account for bridging. 
 
  Live load: 60psf for residential floors 
  Dead load: 20psf for finishes and MEP 
 

                                                 
2 All subsequent systems are designed using this column grid 
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  Wu= 1.2*(20) + 1.6*(60) = 120psf 
  Wu= 1.4*(20+69) + 1.7*(60) = 227psf (old LRFD factors) 
 
SPANS: 
 As determined above. Although the bays are 16.17’ and 16.7’, each bay was 
approximated so that the joists would span 16’. This reduction in span can be accounted 
for when the area of the columns is subtracted from the center to center distance, thus 
leaving a face to face span of 16’ for each bay.  
 
DESIGN: 
 Design for the one way joist floor was determined from design aids provided in 
the CRSI handbook. The main criteria while designing the one way joist floor was the 
depth of the floor sandwich. The current system, two way flat plate, has a very small 
floor sandwich of 8”. Lexington II is located in Washington D.C. where there is a height 
restriction on buildings. The smallest floor depth in the CSRI handbook is 3” slab + 8” 
joists, this is the system chosen for the following analysis. 
 
 Try 3” slab with 8” deep ribs= 11” total depth 
 30” forms + 5” Rib @ 35” c-c 
 Concrete strength= 4000psi 
 Steel strength= 60,000psi 
 
  End Span:       (CRSI p. 8-20) 
 Clear span=16’ W= 180psf > Wu=130psf 
 Top Steel= #4 bars at 12” 
 Bottom Steel = two #4 bars 
 
  Interior Span:       (CRSI p. 8-20) 
 Clear span=16’ W= 131psf > Wu=120psf 
 Top Steel= #4 bars at 12” 
 Bottom Steel = one #3 bar and one #3 bar 
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Joist Section for end span 

 
 
 Finally the girders to support the joist system had to be designed. To do this, the 
previous load plus the weight of the one-way joist system had to be factored. The girder 
was designed to meet the flexural strength required to support the loads. The girder was 
designed with a depth equal to that of the joists in order to prevent additional depth to the 
floor sandwich. The final girder design was 26” base and 8” deep. 

Deflection for the girder was checked and compared to l/240. 
l/240  = (26.6*12)/240= 1.27 in. 
Actual deflection= .8 in < 1.27in 

Therefore a 16” x 8” girder will work. 
 
 
ADVANTAGES: 
 Reduces vibration 
 Is fire rated 
 Additional stiffness 

Additional weight (Total weight = 75.0psf) 
Works well with current shear wall system 
 

DISADVANTAGES: 
3” slab + 8” rib is deeper then the current floor system (however MEP system can 

be easily integrated into the joist system without the need for additional space provided 
by a suspended ceiling) 

New column grid may change foundation. Reduction in number of columns 
results in each column carrying more weight and an increase in punching shear. 
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Steel Beams with Metal Deck and Concrete Slab: 
 

Wide flange steel beams with metal form deck and reinforced concrete slab was 
another system analyzed for Lexington II. A non-composite system was analyzed to 
provide incite into how other materials besides concrete would perform in Lexington II. 
Steel had many benefits such as its strength in tension, its strength to weight ratio, and its 
long life time. Steel is also easy to fabricate off site and then erect quickly saving on time 
and labor. Steel, however requires thicker floor sandwiches then the existing flat plate 
system.  

To economize the steel system, the larger bay span option (eliminating every 
other row of columns) was used. This is done to utilize the strength of the steel. A steel 
beam system was decided on in place of a steel joist system to help reduce the floor 
sandwich depth as much as possible. The floor sandwich depth is especially important in 
Lexington II because of the Washington D.C. building height requirements.  
 
LOADS: 
 Loads were determined in technical assignment #1 using ASCE 7-02. To design 
using steel decking catalogs, a self weight for the slab had to be assumed and added to the 
design weight from technical assignment 1. 
 
 Live load: 60psf for residential floors 
 Dead load: 20psf for finishes and MEP 
 Slab Weight: Slab + Deck with concrete weight 

(4.5”/12)*(150pcf) + (2”/12)*(150pcf)/2 = 69psf 
 
  Wu= 1.2*(20+69) + 1.6*(60) = 203psf (current LRFD factors) 
  Wu= 1.4*(20+69) + 1.7*(60) = 227psf (old LRFD factors) 
 
SPANS: 
 Spans for a typical bay of 26.6’ by 16.7 were assumed to be divided by two steel 
beams. An average span of 9’ for the steel decking was used.  



Alexis Pacella –Structural Option 
Dr. Schneider 
Lexington II, Washington D.C. 
Technical Report #2 
October 31, 2005 
                                                                                                                                            13 
 

 
Beam Spacing in Bays 

 
 

DESIGN: 
 The first step in designing the steel beam system was to determine the steel 
decking. This was done using the Design Manual and Catalog of Products by United 
Steel Deck (USD), Inc. USD accounts for deflections due to live load and stresses, 
therefore no checks were used on the deck.  The above load, including the assumed slab 
and deck weight, was used at a span of 9’, in a triple span condition. 
 Decking: 18 gauge, UF2X 282psf > 200psf 
 
 Next the slab was designed. The slab design was also determined from the USD 
manual. 
 Slab:  6”  Mesh:  44- W4.0 x 4.0 
 
 Before the steel beams could be designed, the weight of the slab and deck had to 
be compared to the assumed weight of 69psf. According to the USD manual, the weight 
of the concrete slab and deck system is 60psf. This makes the assumed 69psf 
conservative and the design can continue.  
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 The last item to be designed for this system is the steel beams. The design for the 
steel beams was completed in RAM . RAM is written to include sizing members for 
allowable deflection and stress, therefore no deflection or stress checks of the members 
were necessary. Results are below.  

 
 

Lobby Beam Sizes 
*Lobby was designed with a live load of 100psf 
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Residential Beam Sizes 
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ADVANTAGES: 
 Fabricated offsite 
 Rapid erection  
 Ductile 
 Good strength in both tension and compression 
 Long life time 
 Weight= 67.5psf 
 Designing a new foundation and lateral systems rather then 3’-6” MAT and 
concrete shear walls may prove to be more economical  
 
 
DISADVANTAGES: 
 Floor sandwich was greatly increased. This can be demonstrated by looking at the 
depth of almost any steel member. For example, a W16 x 26 is 15.7” deep plus there is a 
8” slab and deck assembly on top.  
 Requires fireproofing 
 Requires lateral bracing  
  
 
ALTERNATIVE SPAN: 

In an attempt to try and reduce the beam depth, an alternate beam layout was also 
analyzed, the results are below. 

 
Lobby Beam Sizes 
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Residential Beam Sizes 

 
 As you can see, while most of the beams were reduced to W 12 shapes, the 
girders increased in size to W21’s. This will not help reduce the depth of the floor 
sandwich as wanted. 
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Composite Beams and Deck: 
 
 Composite wide flange steel beams with composite metal deck and a concrete 
slab was another investigated system. Using a composite system will hopefully achieve 
all the benefits of a steel system as well as the strength and stiffness of a concrete system 
and help to reduce the floor sandwich size.  
 The spans used to analyze the composite system were the same as used in the 
steel beam non-composite system design. The only analysis done for the composite 
system was preformed on the beam spacing which worked the best for the non-composite 
system. 
 
LOADS: 
 Loads were determined in technical assignment #1 using ASCE 7-02. To design 
using steel decking catalogs for composite deck, only the uniform live load must be 
considered. 
 
 Live load: 60psf for residential floors 
 
  Wu= 1.6*(60) = 96psf 
 
SPANS: 
 Spans for a typical bay of 26.6’ by 16.7 were assumed to be divided by two steel 
beams. An average span of 9’ for the steel decking was used.  
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Beam Spacing in Bays 

DESIGN: 
 To design the composite system, first the composite deck was picked from the 
USD catalog. USD accounts for deflection and stresses, therefore no checks were run on 
this system. To keep shallow floor sandwiches, the 1.5” loc-floor was used with normal 
weight concrete and a compressive strength of 3ksi.  
 Before a slab depth was picked, the fire proofing tables were reviewed and it was 
determined that with many assemblies, 1.5” + 2.5” of cover would be needed to ensure 
that additional fireproofing on the system was not necessary 
 

Decking: 22 gauge, 1.5” loc, slab=4”, one stud per foot 165psf>60psf  
 
The required area of reinforcing steel was A=.023. Therefore 6x6 W4.0x4.0 

welded wire mesh was used in the design. The total weight of the composite deck was 
31psf, significantly less then non-composite deck. 

The composite beams were designed using RAM. Ram designed the beams with 
shear studs varying in number per beam from 8 to 22. RAM is written to include sizing 
members for allowable deflection and stress, therefore no deflection or stress checks of 
the members were necessary. The RAM results are below. 
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Lobby Beam Sizes 
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Residential Beam Sizes 
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ADVANTAGES: 
 Smaller floor sandwich then the non-composite steel system 
 Lighter slab weight then existing system 
 No shoring is needed 
 A more economical foundation and lateral system may be possible  
 
DISADVANTAGES: 
 Additional cost and labor of shear studs 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Alexis Pacella –Structural Option 
Dr. Schneider 
Lexington II, Washington D.C. 
Technical Report #2 
October 31, 2005 
                                                                                                                                            23 
 
Pre-cast Concrete: 
 
 The last structural system considered for Lexington II was pre-cast concrete floor 
slab and beams. Pre-cast systems can be manufactured to the exact specs needed for the 
building. For this analysis, common pre-cast shapes as found in the PCI handbook were 
used. 
 
LOADS: 
 The PCI handbook directs that ‘load tables for stemmed deck member, flat deck 
members, and beams show the allowable uniform superimposed service load’.  
 

Live load: 60psf for residential floors 
  Dead load: 20psf for finishes and MEP 
 
  Total load: 80psf 
 
SPANS: 
 Pre-cast floor slabs can be adjusted for any span necessary. The shapes given in 
PCI are 4’ wide and the spans range from 10’ to 30’. Lexington’s bays are 26.7’ by 16.6’, 
therefore the option exists to span the 16’ direction or add beams and span a shorter 
direction. 
 
DESIGN: 
 The design of the pre-cast concrete system was done using design aids found in 
the PCI handbook. Due to the building height restrictions in Washington DC, the floor 
sandwich depth was a critical part of design. To keep the floor sandwich as thin as 
possible, solid flat slab and hollow-core slabs were investigated instead of  T beams. 
 Another way to keep thinner floor spans was to divide the 16.6’ or 20’span 
directions with additional beams. The more beams carrying the weight, the smaller each 
beam can be. Another consideration was the amount of reinforcement steel needed in 
each piece. To reduce costs, the minimum amount of steel should be used.  
 

Possible slabs: 4HC6 with 66-S strains. Meets 80psf at spans of 20 feet 
and less. 6” thick. 

 
 4HC6+2” with 66-S strains. Meets 80psf at spans of 21 feet 

and less. 2” topping add depth making the floor sandwich 
8” deep.   

 
 FS4 with 66-S strains. Meets 80psf at spans of 14 feet or 

less. Total depth is 4”. 
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 FS4+2 with 66-S strains. Meets 80psf at 15 feet or less. 
Total depth is 6”. 

 
To design the beams the weight of the pre-cast slab must be included. 4HC6 is 

45psf and FS4 is 50psf, when topping is included, those weights increase to 74psf and 
75psf. A conservative assumption is to use 75psf as the slab weight.  

 
Live load: 60psf for residential floors 

  Dead load: 20psf for finishes and MEP 
  Slab load: 75psf 
 
  Total load: 155psf 

 
All of the beams listed in the PCI design tables are more then adequate to meet 

both the load and the span requirements. Therefore a smaller, custom made pre-cast beam 
would be more efficient.  

Using Microsoft excel, a spreadsheet was designed to find beam section 
dimensions (b and d) for rectangular beams ranging in spans from 3’ to 20’. To help 
determine a feasible beam dimensions, a quick estimation of the base dimension was run 
with the assumption that at least 2 #4 reinforcement bars would be need. 

b > Cover (with stirrup) + spacing between bars + cover (with stirrup) 
b > 2.5 + 1 + 2.6 
b > 6in. 
 
 
 

if d= 5in if d=10in if d=15 if d=20 if d=b if d=6 d=7 d=8 d=9
Span (ft) Wu (plf) Mu (kip-in) bd^2 (in^3) b(in) b(in) b(in) b(in) b(in) b(in) b(in) b(in) b(in)

3 630 8.505 10.37195 0.414878 0.10372 0.046098 0.02593 2.180822 0.28811 0.211672 0.162062 0.128049
4 840 20.16 24.58537 0.983415 0.245854 0.109268 0.061463 2.907762 0.682927 0.501742 0.384146 0.303523
5 1050 39.375 48.01829 1.920732 0.480183 0.213415 0.120046 3.634703 1.333841 0.979965 0.750286 0.592818
6 1260 68.04 82.97561 3.319024 0.829756 0.36878 0.207439 4.361643 2.304878 1.69338 1.296494 1.02439
7 1470 108.045 131.7622 5.270488 1.317622 0.58561 0.329405 5.088584 3.660061 2.689024 2.058784 1.626694
8 1680 161.28 196.6829 7.867317 1.966829 0.874146 0.491707 5.815524 5.463415 4.013937 3.073171 2.428184
9 1890 229.635 280.0427 11.20171 2.800427 1.244634 0.700107 6.542465 7.778963 5.715157 4.375667 3.457317

10 2100 315 384.1463 15.36585 3.841463 1.707317 0.960366 7.269406 10.67073 7.839721 6.002287 4.742547
11 2310 419.265 511.2988 20.45195 5.112988 2.272439 1.278247 7.996346 14.20274 10.43467 7.989043 6.312331
12 2520 544.32 663.8049 26.5522 6.638049 2.950244 1.659512 8.723287 18.43902 13.54704 10.37195 8.195122
13 2730 692.055 843.9695 33.75878 8.439695 3.750976 2.109924 9.450227 23.4436 17.22387 13.18702 10.41938
14 2940 864.36 1054.098 42.1639 10.54098 4.684878 2.635244 10.17717 29.28049 21.5122 16.47027 13.01355
15 3150 1063.125 1296.494 51.85976 12.96494 5.762195 3.241235 10.90411 36.01372 26.45906 20.25772 16.0061
16 3360 1290.24 1573.463 62.93854 15.73463 6.993171 3.933659 11.63105 43.70732 32.1115 24.58537 19.42547  

Possible beam sizes with b>6 have been highlighted 
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The final pre-cast design decided on was to use 4 4’ pre-cast floor slab panels 
along the 16’ bay width. The panels decided on were FS4 with 66-S strains. These panels 
were chosen without topping to ensure the minimum slab thickness. The span picked was 
the slab’s maximum span of 14 feet. 14 feet was picked so that only one beam per bay 
would be needed. By reviewing the excel chart above, the only possible concrete shape to 
span the entire 16’ bay weight was a d=15” by b= 7”. The depth of 15” increases the floor 
depth greatly, and by observation a base of 7” does not appear large enough to fix the 
reinforcement requirements. 

A more feasible beam system is to use a steel beam, which would be smaller, to 
support the pre-cast panels. The steel beam design was done using RAM. RAM is written 
to include sizing members for allowable deflection and stress, therefore no deflection or 
stress checks of the members were necessary. 

 
Location of Pre-Cast Slab Panels in a typical bay 
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Steel Beam Design for a typical residential floor 

 
 

ADVANTAGES: 
 Fast to construct 
 Weight of system = 54psf 
 Lighter weight and steel beams may provide for a new foundation 
 
DISADVANTAGES: 
 Steel girders require fireproofing 
 Lighter system may cause vibration problems 
 Difficult connections to connect concrete to steel system 
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Conclusion: 
  
 Reviewing the benefits and shortcomings of the evaluated system, it is easy to see 
that any further investigation into the gravity system of Lexington II should begin with 
the design of a new column gird. The existing column grid only works well with the 
exiting two-way slab system. 
 The existing system is also one of the heaviest systems investigated; however it 
has the closest column spacing. One can assume any increases in foundation size would 
be due to increased punching shear caused by each column, which now carries a larger 
floor area. The other consideration for a foundation redesign would involve a reduction in 
size due to the lighter structural systems. 
 Another system which would have to be revaluated for any further investigation is 
that of the lateral loads. The current system of shear walls can be used with any system, 
but may not be the most economically lateral system for buildings comprised of steel 
framing.  
 However, the controlling criteria for a Washington DC building is that of floor 
sandwich depth. By looking exclusively at floor sandwich depths, the conclusion can be 
reached that after the existing system the best two alternatives would be to design either a 
one-way joist floor or a composite system. Both alternatives are lighter in weigh then the 
existing two-way slab and have no major setbacks as far as fireproofing, vibrations, or 
other construction issues. 
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One-way Slab for an end span. Used to determine thickness of one-way slab. 
From CRSI 
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Used to find minimum reinforcement needed in an interior span for the slab thickness 
previously determined. From CRSI. 
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Used to find minimum reinforcement needed in an interior span for the slab thickness 
previously determined. From CRSI. 
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From CRSI. Chart used to determine One-way joist system sizing. 
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Calculations and deflection check for girder needed to support one-way joist system. 
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USD chart used to size gauge of metal decking and slab thickness needed for the form 
deck system. 
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USD chart used to determine wire mesh needed in form deck and slab. 
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USD chart used to determine gauge size and slab thickness for composite deck. 
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PCI chart used to determine reinforcement needed in hollow-core pre-cast slab. 
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PCI chart used to determine reinforcement needed in pre-cast solid flat slab. 


